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ABSTRACT

Maternal

Iron Parameters

and Diet:

Influence

on Infant Iron Parameters
and Development
by

Janet

Bradshaw Anderson,

Master of Science

Utah State University, 1988
Major Professor: Noreen Schvaneveldt
Department:
Nutrition and Food Sciences
The purpose of this study was to determine
intake

of pregnant

and evaluate

women living in this geographical

their diets related

the dietary

area, evaluate

to their iron status, how their nutrient

how

intakes

compared with other studies, and how their iron status and diet affected
infant iron status and development,

as assessed by the Bayley Scale of

Infant Development.
The study involved 32 pregnant women who were between 8 to 14
weeks gestation
pregnancy

and 20 to 35 years of age. They were followed through

and their infants were followed until three months of age.

Three-day dietary records, a questionnaire
completed

at the initial visit (8 to 14 weeks gestation).

analyzed were consumed
Allowances:

in amounts

iron 77%, magnesium

folacin 30% and pantothenic
supplement
acceptable

and a blood sample were

was beneficial
range.

Six of the nutrients

less than the Recommended

58%, zinc 51 %, vitamin

acid 89%. Use of a prenatal
in increasing

Dietary

86 65%,

vitamin/mineral

most of these nutrients

Zinc was not included in the supplement

to within

and thus

x

remained

at 51 % of the RDA. Magnesimn was increased

RDA. Nutrient
Consmnption

intakes were very similar to the USDA Nationwide

Food

Survey for pregnant women (1985). Mean iron status of the

subjects was within acceptable

range .

A food frequency questionnaire
weeks gestation.
throughout

to 80% of the

and a blood sample were analyzed at 32

Iron and vitamin

pregnancy.

C intake remained

fairly constant

Fifty-six percent of the subjects had become

depleted of iron stores at this time.
Cord blood analysis revealed

a relationship

between maternal

iron

status and infant iron status at birth.
Infant iron status and diet were analyzed at three months gestational
stage.

Infant iron status appeared

to be within normal range.

Maternal iron status and diet did not have a significant
iron status or infant development

effect on infant

as assessed by the Bayley Scale of Infant

Development.

(160 pages)

CHAPTER I
INTRODUCTION

Iron deficiency is the most commonly recognized
nutritional

deficiency in developing countries as well as in affluent
It is particularly

societies.
because

form of

of increased

increased

prevalent

among pregnant

women

plasma volume (causing hemodilution),

the

need of the growing fetus and a reduced dietary intake or

absorption.

The prevalence

is also very high among infants and

young children because rapid growth imposes large iron needs and
because most infant diets contain a marginal amount of iron
(Dallman et al., 1980) .
Iron deficiency has often been presumed

to have few deleterious

effects unless severe enough to compromise

oxygen exchange.

However, the health consequences

can be recognized by the increased

perinatal

that is seen with maternal

mortality

(VanNagell

and morbidity

et al., 1971). The recent association

iron deficiency

and immune- competence

anemia

in children between

(Vyas and Chandra,

1984),

cognition and behavior (Oski and Honig, 1978, Lozoff et al., 1982,
Cantwell, 1974, Sulzer et al., 1973, Deinard et al., 1981, Webb and
Oski, 1973, Hendricks

et al., 1980, Palti et al., 1985, Aukett et al., 1986,

Lozoff et al., 1987, Lozoff et al., 1986 and Cook and Lynch, 1986),
physical work capacity (Vyas and Chandra, 1984), and
gastrointestinal

structure

and function

(Vyas and Chandra,

brings out the reality of many possible functional
to iron deficiency.

abnormalities

1984)
due

2

Backgrormd of the Problem

Iron is a very important
It is indispensable

(Anon., 1979).

trace element in the body (Worwood, 1977).

as a micronutrient

to almost all living organisms

It is critical for many metabolic

processes, is essential

and enzymatic

for growth, and plays a vital role in the

structure

of the hemoglobin molecule.

transport

of oxygen, participates

It is responsible

in the activation

for the

of both molecular

nitrogen and oxygen and plays a role in electron transport.
The degree of iron absorption varies according to many factors
including the abrmdance of body iron stores, the form and amormt of
iron in foods, and by the combination

of foods in the diet.

Food iron is formd in two forms: heme and non-heme iron, the
heme coming from meat
sources.

and the non-heme from all other iron

There are many dietary factors that can influence the

absorption

of non-heme iron, including Vitamin C, the use of oxylates

and phosphates

(Dallman et al., 1980), and the use of tea in the diet

(Disler et al., 1975). Dietary factors do not appear to have a significant
effect on the absorption of heme iron (Dallman et al., 1980).
The body has the distinctive
iron.

It is maintained

feature of conserving and reutilizing

within very narrow limits.

Iron deficiency is a real problem with infants, children,
adolescents,

and women between menarche

and Charlton, 1981). Beard (1986) estimates
individuals

and menopause

(Bothwell

that at least 1 billion

are anemic because of insufficient

body iron. There are

three proposed stages of iron deficiency (Cook and Finch, 1979): 1) a
reduction

of iron stores, which results in a decreased

ferritin, 2)

3

iron deficiency

erythropoeisis

Iron deficiency

and 3) decreased

is a problem

hemoglobin.

in pregnancy due to increased

iron

needs, not only for the growth of the infant but also for the increased
maternal

needs.

development
National

One of the main contributing

factors in the

of anemia in pregnancy is inadequate

intake of iron.

Academy of Sciences (1980) Recommended

The average intake of pregnant
Food Consumption
The presence

12.2 mg (Nationwide

of anemia in infancy is high because

diets contain marginal

the incidence

women is between

iron.

Survey, 1977- 78) and 14.2 mg (NFCS, 1985).

growth, which increases

Lanzkowsky

Dietary Allowance

is 18 mg plus 30 to 60 mg supplemental

for iron in pregnancy

The

their requirement
amounts

(1985), reports

of their rapid

and because

of iron (Dallman

most infants'

et al., 1980).

from a number of m-ban US studies, that

of iron deficiency anemia in children between six to 36

months of age is between
a lower incidence

17 and 44%. Some researchers

are reporting

of anemia in children over the past decade ( Yip et

al., 1987 and Miller et al., 1985). Yip et al. (1987) has reported
overall prevalence

of anemia in children has decreased

the

from 7.8% in

1975 to 2.9% in 1985.
Some researchers
maternal

have been able to detect a relationship

between

iron status and infant iron status (Fenton et al., 1977 and

Rios et al., 1975). This indicates

that a newborn infant may be endowed

with less than optimal iron stores.
The diagnosis of anemia is difficult because of the definition.
is no standard

definition.

Some researchers

There

look at hemoglobin

(Aukett et al., 1986); others look at serum iron and total iron binding
capacity (Fenton et al., 1977), while others feel that serum ferritin is

4

the best indicator of iron status (Woodward, 1986).
Many detrimental

effects of iron deficiency have been shown. These

include a possible decrease

in immune response

(Vyas and Chandra,

1984), an increase in the incidence of infection (Vyas and Chandra,
1984), changes in the epithelial

morphology of the GI system (Vyas and

Chandra, 1984), changes in thermoregulation
and a decrease

et al., 1980),

in physical work capacity (Vyas and Chandra, 1984

and Dallman, 1987). The literature

also indicates a connection

between iron deficiency and neurological
mainly attention

(Dillman

development,

span and cognitive development

including

(Oski and Honig,

1978, Lozoff et al., 1982, Cantwell, 197 4, Sulzer et al., 1973, Deinard et
al., 1981, Webb and Oski, 1973, Hendricks et al., 1980, Palti et al., 1985,
Aukett et al., 1986, Lozoff et al., 1987, Lozoff et al., 1986, and Cook and
Lynch, 1986).
A possible connection between maternal
development

iron status and infant

has been studied by Vaughan and others (1986).
Statement

Iron deficiency is a prevalent

of the Problem

problem in the United States.

The

incidence is high in pregnancy due to the increased need for the
growth of the fetus and placenta.
contributing

Inadequate

dietary intake of iron is a

factor.

The incidence

of iron deficiency is also high among infants and

young children because their rapid growth increases
for iron.

Infant diets generally contain a marginal

which contributes

to the incidence.

the requirement
amount of iron,

5

Neurological

defects have been related to iron deficiency in infancy

and childhood with impairments
development

in attention

span and cognitive

being reported most often. This defect in learning ability

could have far-reaching
Some researchers
found a relationship

consequences.

(Fenton et al., 1977 and Rios et al., 1975) have
between maternal

status, which suggests that an infant

iron status and infant iron
born to an iron deficient woman

may be endowed with less than optimal iron stores.
This study was conducted to determine
maternal

the relationship

between

iron status and infant iron status and development.

one study has been reported on this relationship,

Only

and it occurred after

this study was initiated.
Purpose of the Study

The major purpose of this study was to determine

and evaluate the

dietary intake of pregnant women living in this geographical

area;

how their diets related to their iron status; how their nutrient

intakes

compare with other studies; and how their iron status affected infant
iron status and infant development

as assessed by the Bayley Scale of

Infant Development.
Objectives
1. A. To determine

nutrient

intakes of pregnant women 8 to 14 weeks

gestation and compare to a) the Food and Nutrition

Board 1980 RDA

for non-pregnancy

and pregnancy and b) the Nationwide

Food Consumption

Survey for pregnant women (1985).

6

B. To determine

nutrients

supplemented

by pregnant women 8 to

14 weeks gestation.
2. A. To determine

dietary iron and vitamin C intake of pregnant

women 32 weeks gestation.
B. To determine

nutrients

supplemented

by pregnant women 32

weeks gestation.
3. A. To determine
gestation

iron status of pregnant women 8 to 14 weeks

and compare to standards.

B. To determine

if a relationship

status and nutrient

exists between maternal

iron

intake (iron and vitamin C) at 8 to 14 weeks

gestation.
4. A. To determine
and compare

iron status of pregnant women 32 weeks gestation

to standards.

B. To determine

if a relationship

status and nutrient

exists between maternal

iron

intake (heme and nonheme iron and vitamin

at 32 weeks gestation.
C. To determine

change in iron status from early pregnancy (8 to

14 weeks gestation) to late pregnancy (32 weeks gestation).
5. To determine
parameters

if a relationship

exists between maternal

at 32 weeks gestation

6. A. To determine

dietary patterns

including iron and vitamin

iron

and cord blood iron parameters.
of three-month-old

infants,

C intake, use of supplements,

type of

feeding and use of solid foods.
B. To determine
7. A. To determine
B. To determine
and ferritin

iron and ferritin content of breast milk.
iron status of three-month-old
if a relationship

and maternal

infants.

exists between breast milk iron

iron parameters.

C)

7

C. To determine
and ferritin

if a relationship

exists between breast milk iron

and infant iron status.

8. To obtain growth parameters

of three-month-old

infants and

compare to standards.
9. To study what determines
pregnancy

an infant's iron status, given maternal

iron status and diet.

Model:
Maternal

Diet---------->Maternal

Iron Status---------->lnfant
Iron
Status
Infant Diet

Dependent

Variables

Infant Diet Variables
Maternal

Iron Variables

= infant ferritin and hematocrit

= iron and vitamin C intake
= late pregnancy ferritin, hematocrit,
% saturation,

and RDW

= early pregnancy ferritin, hematocrit,
% saturation,
Maternal

Diet Variables

and RDW

= late pregnancy heme iron, non-heme
iron, total iron (diet and supplement),
vitamin C (diet and supplement)

= early pregnancy iron (diet and
supplement)

and vitamin C (diet and

supplement)
10.

To determine

mental and motor scores of three-month-old

infants on the Bayley Scale of Infant Development

and compare

to standard.
11.

To study determining
development,

factors of infant mental and physical

given infant iron status and diet and maternal

8

iron status and diet.
Model:
Maternal------>Maternal
Diet
Status

Iron ------>Infant Iron ------>Infant Mental
Status
Physical
Development
Infant
Diet

12.

To further study the simplified model for pathway analysis.
Model:
Maternal

Diet------> Maternal

Ferri tin---------------> Infant Ferri tin
A

Infant vitamin C
and iron intake
Maternal Diet Variables

= (in order of proposed significance) iron
intake at 32 weeks gestation
supplemental

iron, vitamin

C intake at 32 weeks gestation,
supplemental

vitamin C, iron intake at

8-14 weeks gestation,

and vitamin C

intake at 8-14 weeks gestation.
Methodology
Subjects
The sample population

included 32 pregnant women, residents

of

the geographical area, between 8 to 14 weeks gestation, aged 20 to 35
years, who were para II or greater.

Subjects were limited to those

without a history of anemia, not due to iron deficiency ( i.e.

9

thalesemia),
congenital

and those with no prior history of children born with
malformations

or miscarriages.

They were all patients

of

seven local obstetricians.
Data collection occurred over a 11/2 year period.
offices screened for selection

criteria.

included having a low hematocrit

The physicians'

Initially the selection criteria

( <38%) or a high hematocrit

Subject selection was very slow with this criteria.

(>42%).

The methodology

was changed to include any subjects meeting the other criteria,
regardless
continuum.

of the hematocrit.

Iron status was then analyzed on a

Over 1,000 subjects were screened for this study.

Procedure
All potential

subjects were initially contacted by phone after being

referred by the physicians'

offices. At that time, all subjects were

informed about the purpose of the study by the researcher.
The participants
hospital.

were asked to meet the researcher

At that time, a consent form for participation

at the local
was completed.

The subjects were asked to complete a brief questionnaire
collected

information

about weight history, number of pregnancies,

blood loss dming menstruation,
cravings/aversions

which

pica practice, physical activity, food

and vitamin/mineral

supplementation

prior to

pregnancy.
All participants

were given instructions

on recording

dietary intake

for three days. They were asked to record all food and drink consumed
for three consecutive
The importance

days including 2 weekdays and 1 weekend day.

of eating typical foods and amounts was stressed.

10

Food scales and measuring
reported

cups were provided. Nutritional

foods was quantitated

Information

using the USDA Nutrition

System (NUTREDFO)

nutrient

content of
Education

database.

A blood sample was drawn at the hospital and analyzed for a
complete

blood count (CBC) and an iron panel, including ferritin,

serum iron, TIBC and UIBC.
At 32 weeks gestation, the subjects met with the researcher
local hospital.

Information

supplementation,

coffee/tea

regarding

compliance

consumption,

at the

to vitamin/mineral

food cravings/aversions,

physical activity, eating habits, medication/drugs/alcohol
consumption,
members,

education

birthdates

level, occupation

and sex of children, and heights/weights

parents was obtained via a questionnaire.
and analyzed for a CBC and a complete
questionnaire

and income of family

A blood sample was drawn
iron panel.

A food frequency

was also completed.

At the birth of the infant, the following information
1) birthdate,
apgar scores.

of

was obtained;

2) sex, 3)length, 4) weight and 5) one and five minute
A sample of cord blood was analyzed for a CBC and iron

panel.
At three months of age anthropometric

measurements

including height, weight and head circumference.
obtained,

including vitamin/mineral

were taken,

A diet history was

supplementation.

A heel prick

blood sample was drawn and analyzed for a hematocrit

and ferritin.

the infants were being breast fed, a sample of maternal

blood was

drawn at the local hospital and analyzed for a CBC and iron panel.
sample of breast milk was obtained

If

A

and analyzed for iron and ferritin.

The Bayley Scales of Infant Development

(BS!D) was administered

by a

11

separate

researcher

All statistical
statistical

at a separate

time.

analyses were done using computerized

SPSS

programs.
Limitations

1.

Data was collected on a sample of 32 subjects in a single
geographic _area.

Therefore,

totally representative
2.

this sample population

of the true population

of pregnant women.

The three-day diet record may not be representative
normal dietary intake.
subjects from eating

may not be

of the subjects

Morning sickness may have prevented
a normal diet.

3. Dietary analysis using any data base is only an approximation
nutrient

the

of

intake since food records are not absolute and are

occasionally

missing necessary

NUTREDFO

data base is limited to 466 foods. Thus, many foods

eaten by participants

detail for accurate

coding.

The

were not on the data base. Some foods were

assumed to be equivalent

to other similar foods on

the data base or nutrient values for the foods were obtained from
Handbook 8 and added to the database.
4. Defining anemia from laboratory
subjects

tests is very difficult, and thus the

were analyzed on a continuum.

12

CHAPTER

II

REVIEW OF LITERATURE
Frmctions

of Iron

It is

Iron is among the most common and useful of all the metals.
by far the most important
is indispensable

trace element in the body (Wmwood, 1977). It

as a micronutrient

to almost all living organisms

(Anon., 1979). As early as 1500 BC, preparations
therapeutically
was reqarded

of iron were used

in Egypt, and later, during the Roman Empire, iron
as a panacea for a wide range of ailments

(Beutler

1963). It was Sydenham in 1681, however, who recognized
therapeutic

et al.,

the

value of iron for the so-called green sickness (Latham,

1850). He wrote that with "the effects of steel upon chlorosis ... the
pulse gains strength

and frequency,

fresh ruddy colour" (p. 95).
substance,

the surface warmth and the face a

Sydenham notes "next to steel in

I prefer a syrup ... made by steeping iron or steel filings in

cold Rhenish wine ... and boiled to the consistency
Iron-containing

of a syrup" (p. 98).

compormds in the body can be grouped into two

frmctional categories:

(1) Those that serve metabolic

frmction and (2) those associated
functions in the transport,

with iron storage.

storage, and utilization

storage iron is involved in the maintenance

or enzymatic
The first category

of oxygen. The

of iron homeostasis

(Dallman et al., 1980).
Iron is critical for many metabolic
essential

and enzymatic processes,

for growth, and plays a vital role in the structure

hemoglobin molecule.

It is responsible

for the transport

is

of the
of oxygen (as
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hemoglobin
molecular

and myoglobin); it participates
nitrogen

in the activation

and oxygen (as nitrogenases,

oxidases), and plays a role in electron
addition, because of the propensity

transport

of both

oxygenases

and

(as cytochromes).

In

of iron to hydrolyse in aqueous

solution, special molecules have been designed for its transport
(transferrin)

and storage (ferritin)

(Lanzkowsky , 1985).

The normal adult body contains 3 to 5 grams of elemental

iron.

About 70 percent is in the form of hemoglobin; 25 percent in the form of
non-heme

iron stores (ferritin

for less than 4 percent;

and hemosiderin);

myoglobin accounts

less than 1 percent is contained

cytochromes , catalases , peroxidases

in

and other iron-containing

enzymes (Oski, 1979).
Iron is transported
blood transferrin

between different iron pools in the body by

(Aisen and Brown., 1976). Ferritin

1976). It is located mainly in the spleen,

storage protein (Harrison,
liver and bone marrow.

is a major iron

The most important

function of ferritin is to

act as an iron depot which can provide iron for the synthesis
containing

proteins

enzymes (Crichton,

such as hemoglobin,

myoblobin

of iron-

and respiratory

1973).

Iron Bioavailability

The degree of iron absorption
including the abundance

and Absorption

varies according to many factors

of body iron stores, the form and amount of

iron in foods, and the combination

of foods in the diet.
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Food iron is fotmd as heme and non-heme
from meat and the non-heme

iron, the heme coming

from all other iron smrrces.

heme form of inorganic iron (Ill) complexes

The non-

and is broken down

during digestion, and the iron is partly reduced to the more readily
absorbed iron II (ferrous) form. This is enhanced by ascorbic acid and
can be somewhat inhibited by phosphate

and oxylate (secondary to

forming insoluble iron compotmds) and by the presence
and certain metal chelators

(Dallman

of food fiber

et al., 1980). The use of orange

juice with a meal more than doubles the absorption

of iron from the

entire meal (Cook and Monsen, 1976). Milk was fotmd to decrease the
absorption

of ferrous iron in infants by about 75 percent compared to

the iron given alone (Henrich et al., 1975). Tea had a similar effect
(Disler et at. , 1975). The percentage

of iron absorbed by adults

varies from one to over 20 percent in individual foods , with foods of
vegetable

origin being the least and meat the most (Layrisse and

Martinez-Torres,

1971) .

Another factor to consider is the iron absorption

from iron-

fortified foods (Dallman et al., 1980). The two factors to consider are
the assimilation

and stability

of the iron.

Many of the iron compounds

used are very stable but are poorly assimilated

and visa versa.

It has

been fotmd that by adding ascorbic acid to one of the stable compounds,
the assimilation

is improved.

The heme is split from the globin portions of hemoglobin
myoglobin in the intestinal
the intestinal

lumen.

The heme is assimilated

mucosa and the iron is released via an enzyme.

and
intact by
Dietary

factors do not appear to have a significant effect on the absorption
heme iron (Dallman et al., 1980).

of
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The body has a distinctive
iron.

It is maintained

through regulation

within very narrow limits.

intestinal

This takes place

It occtrrs at the placental

of intake.

fetus and at the intestinal
Iron excretion

feattrre of conserving and reutilizing

mucosa postnatally

occurs primarily

abundant

in the

(Dallman et al., 1980).

through desquamation

of cells at the

mucosa . Only a small amount is lost in this way. Studies in

both children and adults show that the intestinal
homeostatic

interface

role in decreasing
and in increasing

iron absorption

absorption

mucosa plays a
when stores are

when stores are diminished

(Stekel, 1984).
Iron Deficiency

It is estimated

that at least one billion individuals

are anemic

because of insufficient body iron (Beard, 1986). Researchers
found that the groups in whom laboratory

screening

for iron deficiency

has the highest yield are infants, children, adolescents,
between menarche

and menopause

have

and women

(Bothwell and Charlton,

1981).

Cook and Finch (1979) have proposed three stages of iron
deficiency:
(1) A reduction

of iron stores.

This results in a decreased

(2) Iron deficiency erythropoeisis.
exhausted,

hemoglobin

erythrocyte
saturation

synthesis

protoporphyrin

The iron stores are completely
becomes

levels increase,

falls.

(3) Hemoglobin

ferritin.

levels fall producing anemia.

impaired,
and transferrin

16

Lanzkowsky (1985) notes that although it is convenient

to classify

laboratory tests according to these three stages of iron deficiency,
laboratory results often fail to conform to this pattern
individual patients.

These unexpected

patterns

among

of laboratory results

may be confusing and at variance with the commonly considered
concept of the development
Iron Deficiency

of iron deficiency anemia.

In Pregnancy

Pregnant women are among the groups most at risk of developing
nutritional

anemia.

According to a WHO report (1972), the percentage

of pregnant women who had anemia ranged from 21 to 80 percent.
et al. (1987), in their study of 240 full-term pregnant

Ho

Taiwan women,

formd 15 percent of them to have clinical iron deficiency and 13 percent
of them to have clinical anemia.

Hercberg et al. (1987) formd the

incidence of anemia to be 73% of his 126 pregnant Beninese women
(ferritin

< 12 ug/1, transferrin

protoporphyrin

saturation

<16%, erythrocyte

> 3 ug/g Hb).

The incidence of anemia in pregnancy may be somewhat
to interpret

because many of the laboratory tests used for diagnosis are

based on non-pregnant
composition

difficult

standards.

Changes in blood volume and

make the diagnosis of iron deficiency in pregnancy even

more difficult than in the non-pregnant
Pregnancy is a time for increased

state (Lind et al., 1975).
iron needs, not only for the

growth of the infant but also for the increased maternal
al. (1987) notes that there is an increased
successful pregnancy and parturition.

needs.

Ho et

iron loss during each

An estimate

of iron loss in

pregnancy is between 800 to 1000 mg (McFee, 1979). Iron requirements
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are increased to replace basal losses, to allow for the expansion of
maternal

red cell mass and to provide for the needs of the fetus and

placenta (Puolakka,
increased

1980). The volume of circulating blood is

by 40 percent during normal pregnancy.

increase at about the sixth week of gestation,
the second trimester

It begins to

increases rapidly during

and then more slowly during the last three

months (Chesley, 1972). The red cell mass is increased by 20 to 30
percent

and this increase

continues

throughout

pregnancy

(Lund and

Donovan, 1967). This red cell mass increase is very dependent
available iron. Because of the proportionally

greater increase in

plasma volume than red cell mass, a hemodilution
changes many of the diagnostic

on

effect occurs.

This

lab values and makes diagnosis of iron

deficiency difficult.
It is felt by some, that anemia in pregnancy might usually be the

result of iron deficiency due to high iron requirements
al., 1987). Other researchers
hemodilution

involved( Ho et

believe the anemia is due mainly to the

that occurs in pregnancy with the increased

fluid

volume ( Ho et al., 1987).
Influence of Dietary Intake.
increased maternal

and fetal demands depends on dietary intake,

efficiency of absorption,
and McGanity, 1987).
at this time.
requirement

Maternal ability to meet the

level of iron stores, and hemostasis

(Dawson

The composition of the diet becomes important

Even non-pregnant

women are not meeting their

for iron through the diet.

The average iron intake of girls

and women has been reported to be 10-12 mg/day (Beaton et al., 1970)
which is only 58 to 64 percent of the recommended

18 mg of iron for

women 11 to 50 years of age (Food and Nutrition Board, 1980). Others
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report (NFCS, 1977-78) the average diet for women 19 to 50 years

7 mg iron per 1,000 calories . This inadequate

contains

also seen in pregnancy.

iron intake is

The data from the USDA Nationwide

Survey (1977-78) shows an average iron intake

Consmnption

Food
for

pregnant women (15 to 50 years of age) of 12.2 mg or 68 percent
Recommended

of the

The 1985 NFCS data for pregnant

Dietary Allowance.

women (19 to 34 years) shows an average intake of 14.2 mg iron or 79%
of the RDA.
These studies show that it is difficult to meet the iron
requirements

for non-pregnancy

iron are not sufficient

to maintain

and fetus, especially

greatest,

impossible

It is felt by some, that usual levels of dietary intake of

with pregnancy.

mother

through diet, and almost

normocytic

in the last trimester

as much as 7 mg/day (Wallenburg

this and other reasons,

erythropoiesis

for

when demands

are

and Van Eijk, 1984). For

iron supplementation

is widely used in

pregnancy (Batey, 1978). The National Academy of Sciences (1980)
recommends

a dietary

60 mg supplemental

iron intake

in Pregnancy.

should routinely

reason for the controversy
deficiency

plus 30-

iron.

Use of Supplementation
whether patients

of 18 mg during pregnancy

receive iron supplementation.

One

is the problem with diagnosis of iron

during pregnancy.

routine supplementation.

It is very controversial

Clinicians

in the United States

The amount most frequently

favor

supplemented

is 30 to 65 mg/day (Dawson and McGanity, 1987). These clinicians
have found that supplementary
concentration

as pregnancy

iron prevents

advances

and McGanity (1987) concluded

the fall of hemoglobin

(Svanberg

et al., 1975). Dawson

from their study of 42 p1·egnant women
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that adequate
puerperium

maternal

iron stores during pregnancy

cannot be maintained

therefore,

by prevailing

that iron supplementation

and the

dietary patterns

and,

is essential.

Bentley (1985), from his review of the literature,

believes that

the use of iron supplementation
during pregnancy prevents the
depletion of tissue stores during the later months of pregnancy
and will raise the hemoglobin concentration in those women with
iron deficiency anemia. (p. 623)
Iron Deficiency

In Infancy and Childhood.

The presence

of iron deficiency is high during infancy and

childhood because of rapid growth which increases
and because most infants' diets contain marginal
(Dallman et al., 1980). The prevalence

the requirement
amounts of iron

is the highest between six

months and two to three years of age (Rios et al., 1975). Lanzkowsky
(1985) reports from a number of urban US studies, that the incidence of
iron deficiency anemia in children six to 36 months of age is between
17 and 44%. The peak incidence of iron deficiency anemia occurs at 10
to 15 months of age when it reaches an incidence of 30%.
Yip et al. (1987) has reported the overall prevalence
high-risk children has decreased
monitored

from 7.8% in 1975 to 2.9% in 1985, as

by the Centers for Disease Control Pediatric

Surveillance

System.

of anemia in

WIC has also seen a decrease

Nutrition

in the incidence of

anemia during the past decade (Miller et al., 1985). This outcome has
been achieved largely through identification
have received education and supplemental
program.

Thus, these statistics

involved in the WIC program.

of high-risk children who
foods from the WIC

are based solely on children actively
Only 25-30% of the eligible children are
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reached by WIC (Miller et al., 1985). Thus, the prevalence
deficiency

is not known in infants who are not participating

of iron
in WIC

programs.
Infants triple their birth weight during the first year of life and
thus by about four to six months they have depleted
four to six months the infant becomes dependent
sources for maintenance

of adequate

their stores.

After

on external iron

iron nutrition

status.

For this

reason iron deficiency in infants and children is almost always of
nutrition

origin.

In infancy, there is almost no heme iron in the diet

during the period when milk is the ma ·or source of calories.
relatively

The

small amount of iron in human and cow's milk is primarily

in the non-heme form (Dallman

et al., 1980).

Children require more dietary iron absorption
is estimated

than do adults.

It

that a one-year-old infant, due to his rapid growth, derives

less than 70 percent of red cell iron from senescent

red cells and 30

percent from the diet. An adult derives about 95 percent of the iron
required for the production

of red blood cells from senescent

red cells

and only five percent comes from the diet (Hillman and Finch, 197 4).
Defining iron deficiency in infants is particularly
derivation

of reliable reference

problem for the pediatric

standards

The

has been a particular

age group because subclinical

anemia is common during early development.
difficult to select an appropriate

difficult.

iron deficiency

This makes it more

reference population.

Lanzkowsky

(1985) feels that the most reliable criterion of iron deficiency in the
infant is the hemoglobin response to an adequate
iron (at least 3 weeks).

therapeutic

trial of
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Maternal-Fetal

Relationships.

the level of maternal
saturation

hemoglobin

Many reports have shown that
or sennn iron and transferrin

has little or no effect on the fetal hemoglobin level

(Lanzkowsky, 1960). This is thought to be due to placental
mechanisms

which ensure that sufficient

iron is made available

the needs of the fetus despite severe maternal

for

deficiency (Lanzkowsky,

1960). Recently, serum ferritin assays have been used to measure
It is felt that this has helped improve the

newborn iron stores.

diagnosis of iron deficiency.
to detect differences

Some investigators

still have been unable

in cord serum ferritin levels in infants born to iron

deficient versus iron supplemented
have observed significantly

women (Rios et al., 1975). Others

lower cord ferritin concentrations

among

infants born to iron deficient mothers (Fenton et al., 1977). Rios et al.
(1975) found the serum ferritin concentration
than five times greater than the maternal
same relationship
indicates

in cord blood to be more

level at term, but it bears the

to iron stores as in normal adults.

there may possibly be some instances

This research

of maternal

iron

deficiency wherein the newborn infant may be endowed with less than
optimal iron stores .
Indicators

Many laboratory
anemia.

of Iron Status

values have been used to aid in the diagnosis of

These include the following:

1. Hemoglobin
containing
determined

which is made up of heme, a pigmented
iron and globin, a colorless protein.

product

It is

by diluting a blood sample in a solution that
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converts hemoglobin
quantified

to cyanmethemoglobin,

which is then

spectrophotometrically.

2. Hematocrit

which is the volume of packed red blood cells per

100 ml of blood. It is measured

by centrifuging

a minute

amount of blood.
3. Mean corpuscular

volume which describes

terms of their individual
4. Mean corpuscular

the red cells in

cell size.

hemoglobin

which describes

the hemoglobin

content of each red blood cell.
5. Mean corpuscular
concentration

hemoglobin

concentration

which is the

of hemoglobin in grams per 100 ml of red blood

cells.
6. Red Blood Cell Distribution

Width is the standard deviation of

the RBC volume divided by the mean corpuscular volume
(MCV) multiplied

by 100.

7. Serum Iron which is the transferrin-bound
8. Total iron binding capacity
because

it is measured

is a measure

iron.
of transferrin

indirectly by the amount of iron it can

bind.
9. Transferrin

saturation,

TIBC and multiplied

which is equal to serum iron divided by
by 100.

10. Serum ferritin which is believed to correlate with total body
iron stores.
11. Free erythrocyte
protoporphyrin
erythropoiesis.

protoporphyrin

is a measure of

which is accumulated

with iron deficient
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Much of the difficulty with iron deficiency or anemia lies in the
definition.

Some authors look at hemoglobin (Aukett et al., 1986);

others look at serum iron and total iron binding capacity (Fenton et al.,
1977), while others feel that serum ferritin is the best indicator of iron
status (Woodward, 1986). Lanzkowsky (1985) believes the most reliable
criterion

of iron deficiency anemia is the hemoglobin

adequate

therapeutic

response

to an

response to a trial of iron.

Fenton et al. (1977) found serum iron and total iron binding
capacity to be abnormal in pregnancy even in the absence of iron
deficiency.

They found serum iron concentration

to be extremely

labile

and found it to fall rapidly in response to fever, infection,
inflammation

, neoplasia

are very poor indicators

etc.

They concluded that these parameters

of iron status.

Dawson and McGanity (1987) formd, from their study on 42
pregnant

women, that serum ferritin was the best indicator

stores in pregnancy.

The group of supplementing

women (with 65 mg

iron) had a much higher ferritin at 38 weeks gestation
ng/ml) than those that didn't supplement
found that hemoglobin,
discriminated

hematocrit,

significant

(17.1 + 3.5

(6.6 + 2.4 ng/ml).

He also

and RDW values sometimes

between the iron-supplemented

never to a statistically

of iron

extent.

and control group, but

RDW was found to change in

subjects with iron deficiency at about 18 weeks after the initial fall in
serum ferritin. Hemoglobin,
change significantly

hematocrit,

MCV and MCHC did not

during the course of the study.

Woodward (1986) believes that a figure of less than 12 ug/1 for
serum ferritin is indicative

of iron deficiency.
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Bentley (1985), from his review of the literature,
development

of maternal

believes that the

iron deficiency during pregnancy may be

detected by monitoring the hemoglobin concentration

for values

less

than 11 g/dl. This is confirmed with a serum ferritin concentration
less than 12 ug/dl. He believes serum iron concentration
and frequently

misleading

indicator

Detrimental
Pregnancy

to be a poor

of iron status.

Effects of Iron Deficiency

Complications

Pregnant women with anemia are less able to tolerate
during pregnancy and delivery (McFee, 1973). Maternal
associated

of

with an increased perinatal

mortality

bleeding
anemia is

and morbidity

(V anN agell et al., 1971).
Immune

Response

Recently an association
deficiency has been noted.
detectable

reduction

between immune response

The iron deficiency results in a mild but

in cell-mediated

seen also in individuals

and iron

immunity.

Impaired response is

with "latent" iron deficiency without anemia

(Vyas and Chandra, 1984). Dallman (1987) believes that

a reduction

in

immune response as a result of iron deficiency is not as well defined as
iron deficiency and work capacity.

He believes that further s.tudies in

this area need to be conducted.
Infection
Studies on the incidence of infections in relation to iron status are
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difficult to control and conduct, but an association

has been seen

between the two. Infection is the most common disease for which irondeficient

children seek medical advice (Vyas and Chandra, 1984).

These researchers
physiological

believe that "iron supplementation

within

needs to prevent anemia or in doses necessary

to correct

anemia may reduce, but certainly not increase, the risk of infection"
(Vyas and Chandra,

1984).

GI System
Iron deficiency is associated
manifestations

pertaining

changes in the epithelial

with a variety of clinical

to the gastrointestinal
morphology.

cause and the effect of iron deficiency.
tissues obtained from iron-deficient
cytochrome

and other enzymes.

dysfunction

of the absorptive

investigations
partial

was observed

These changes can be both the
Surface epithelial

cells in

subjects have a reduced content of

The result of this is a variable

process.

have been repeated

or complete

tract such as

In some patients,

after appropriate

recovery of gastrointestinal

the

iron therapy, and a

structure

and function

(Vyas and Chandra, 1984).

Thermorewlation
It has been reported

that iron-deficient

normal core body temperature
1980).

rodents cannot maintain

when stressed with cold (Dillman et al.,
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Physical Work Capacity
Iron deficiency anemia leads to decreased oxygen delivery to the
tissues, such as skeletal muscle.
increased

Decreased

oxygen affinity and

cardiac output are the adaptive physiological

the body in response to anemia.

measures

of

This adaption can cover the metabolic

needs of the body at rest or for sedentary work but it cannot cope with
the metabolic

needs of the body for work involving physical endurance

(Vyas and Chandra, 1984). Dallman (1987) concluded,
pertinent

literature

and data, that work performance

after reviewing
is decreased

with

iron deficiency.
Iron Deficiency and Behavior
Malnutrition

has long been associated

with altered behaviors.

Most of the studies in this area have looked at protein and calorie
deprivations.

Such an association

however, information

seems logical and clearcut,

in this area is difficult to obtain and evaluate.

The difficulty arises from the fact that there are many environmental
factors, besides nutrition, that affect child development.
stimulation,

for example, unmistakably

development.
statement

The degree of

plays a role in this

Pollitt and Leibel (1976) express this concern by their

that "unless the environmental

conditions

in which the

children were raised are taken into account, it seems doubtful that the
exact nature of the apparent relationship
nutrition

between behavior and

can be clarified".

Animal Studies.
relationship

Animals have often been used to study the

between iron deficiency and altered behaviors and
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intellectual

performance.

that iron deprivation

Dallman and others (1975) have reported

in early life in rats results in a decrease

nonheme iron which is not reversed
rehabilitation.

of iron deficiency.

Ruiz and associates
showed a decreased

rats).

or prolonged

They conclude that there exists the possibility of a long-

term consequence

throughout

despite adequate

in brain

(1984) found that a group of iron-deficient

brain non-heme

adulthood

(as compared

rats

iron level that persisted
to normal and anemia-induced

They concluded that early iron deficiency in the rat affects the

responsiveness
cortex.

of the parietal

association

area (PAA) of the cerebral

Since the PAA plays an important

processes,

a dysfunction

role in brain association

of this cortical area could be a causal link

between early iron deficiency and behavioral
Symes and coworkers (1969) discovered
deficiency in rats resulted

in decreased

or learning deficits.
that chronic iron

monoamine

activity in vitro and in vivo. MAO is an important
metabolism
mediation

of nonepinephrine,

in man.

The animal studies reported

are supportive

early iron deficiency insult may not be reversible
deficiency is affecting different mechanisms

of the idea that an
and that iron

in the body, which may

alterations.

Infant and Child Studies.
is of particular

enzyme in the

which is believed to be involved in the

of behavior patterns

explain behavioral

oxidase (MAO)

Adverse effects on behavior

in infants

concern because this is the time for the latter part of the

brain growth spurt (Lozoff et al., 1982) and the unfolding of many
mental and motor processes.

This time period coincides with the

period when iron deficiency is the most prevalent

(6 to 24 months of
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age). Thus it is felt by Lozoff et al. (1987) that iron deficiency in anemia
can have more detrimental

effects during this time than at other times

in life.
Oski and Honig (1978) conducted a study on 24 infants, ages 9 to 26
months, with iron deficiency.
treatment

Each child was randomly assigned to a

or a control group. The mental and motor sections from the

Bayley Scale of Infant Development

were administered,

control group received a placebo and the experimental
an IM injection of an iron-dextran

complex.

after which the
group received

In 5 to 8 days a post-test

was given.

After iron therapy the experimental

significant

increase (p=0.01) in mean Mental Development

averaging 13.6 points.

group had a
score,

This increase was inversely related to the initial

hemoglobin value (r=-.072). After studying specific items on the
Bayley, the control group was also found to become more alert and
responsive

and demonstrated

improvement

in tests of gross and fine

motor coordination.
Lozoff et al. (1982) studied 68 Guatemalan babies (6 to 24 months
old) with and without iron deficiency anemia.
infant Development
iron treatment.

was administered

before and one week after oral

They also found developmental

group prior to treatment,
improvement

The Bayley Scale of

deficits in the anemic

however, there was a lack of rapid

with short-term

oral iron therapy.

Because of this, they

felt that the deficits of the anemic group could not be unequivocably
attributed

to lack of iron.

Cantwell (197 4) administered
neonates

iron dextran to twenty-nine

and followed another thirty-two as controls.

term

All non-treated

children had hemoglobins of 6.1 to 9.5 mg per deciliter between the
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ages of six and eighteen

months, whereas

dextran had hemoglobins
When examined

those who received

of 11.5 to 12.9 gm during the same period.

neurologically

at six to seven years of age, those who

had been anemic showed a higher prevalence
signs, such as clumsiness
and repetitive

iron

in balancing

on one foot, tandem

walking,

In addition, they had lower

hand or foot movements.

I.Q. 's and were more inattentive

of "soft" neurologic

and hyperactive.

Sulzer and others (1973) conducted

a study on 230 children aged 4-

5 years in New Orleans and found that anemia was associated
lower scores on testing of intelligence

quotients.

Deinard et al. (1981) in an attempt
between iron deficiency and mental
Scales of Infant Development,
Psychological

Development

to study the relationship

status, administered

the Bayley

the Uzigiris and Hunt Ordinal Scales of

and a habituation

measure

to 212 non-

anemic infants (101 boys and 111 girls ages 11-13 months).
were divided into three groups depending

The infants

on their hematologic

1) serum ferritin 9 ng/ml (n=34); 2) serum ferritin between
ng/ml (n=21 and 3) serum ferritin 20 ng/ml (n=157).
that there were no statistically
level of performance

with

significant

differences

between the iron-depleted

status:

10 and 19

They concluded
in the overall

and the iron-replete

children.
Webb and Oski (1973) looked at correlations
anemia and scholastic

achievement

in twelve-to-fourteen-year-old

junior high students.

Ninety-two

11.4 gm per deciliter

and microcytic/hypochromic

students

with hemoglobins

compared with 101 students with hemoglobins
were from a predominantly

of iron-deficiency

black, economically

of 10.1 to

red cells were
of 14.0 to 14.9 gm . All
deprived

community .
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The anemic students

showed poorer composite performance

Iowa Test of Basic Skills, comprised of subtests
knowledge, arithmetic
characterized
classroom

in vocabulary, reading

concepts, and problem-solving.

as being irritable,

on the

They were

restless, and disruptive

in the

setting.

Hendricks

et al. (1980) studied the relationship

status and school performance

between iron

with 814 school children from nine

elementary

schools.

Hemoglobin

and hematocrit

values were

determined

on each child. The low quartile in academic performance

who were also in the low quartile for the blood parameters
selected.

were

Since the subjects were randomly chosen, we would expect

25% of the children to be in this group. However, there were more
children with low hemoglobins
expected.

(46%) and hematocrits

(39%) than

The behaviors of the subjects were assessed by parents and

teachers using questionnaires.

The low quartile

of subjects who were

also in the low quartile for disruptive hehavior were selected.

Due to

random sampling, we would expect to see 25% of the subjects in this
group; however, on parent and teacher-assessed
42% respectively

behaviors

41 % and

also had low hemoglobins.

Palti and others (1985) conducted a study on second grade children
who were either anemic (hemoglobin

less than 10.5 g/dl) or nonanemic

(hemoglobin greater than 11.5 gm/dl) when they were nine months of
age. Comparison

of the two groups indicated

by sex, birth order, maternal
country of origin.

educational

quite similar distribution

standard

and maternal

The mean score on learning achievement

positive task orientation

in second grade was significantly

and
higher for

the children who were not anemic in infancy than for those who were
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anemic.

The children who were anemic showed greater

distractability,

lack of discipline

teacher to a greater extent.

and restlessness

as assessed by the

They concluded that:

prevention of iron deficiency may contribute to promotion of
development and cognitive functioning and scholastic achievement
of future generations, though the act of improving the nutritional
status and controlling for iron deficiency cannot in itself solve the
problem of intellectual deficit and poor scholastic performance; it
could be part of an overall effort to promote development of socially
disadvantaged children. (p. 222)
A study conducted on 97 children (Aukett et at., 1986) showed that
the children who received iron for two months had an increased

rate of

weight gain and development.
Lozoff et al. (1987) studied 191 Costa Rican infants, ages 12 to 23
months and found that the infants with iron deficiency anemia (hgb <
10.5 gm/1) showed significantly

lower mental

the Bayley Scales of Infant Development
infants that were not anemic.
including birth, nutrition,

Several

and motor test scores on

(Bayley, 1969)) than did the
factors were controlled

family background,

parental

IQ, and the

home environment.

The test group was then treated with iron (IM or

oral) for one week.

Test scores did not differ. After three months, the

infants that had been anemic, but whose anemia had been corrected,
no longer had lower mental
significantly

and motor scores.

The scores remained

lower with the infants whose anemia had not been

corrected.

These authors believe that that the ill effects of iron

deficiency

are long-lasting.

Lozoff and others (1986) studied affective and attentional
disturbances
iron-deficient

of anemic infants during play.
anemic and 21 non-anemic

The study included 21

Guatemalan

infants (6 to 24
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months).

The infants and their mothers were analyzed during a

videotaped

free-play session.

groups in measures

Differences were fmmd between the

of spatial relations.

the duration of child-initiated

In 71 % of the anemic infants,

body contact with their mothers was

high, compared with a high level of contact in only 26% of the
nonanemic

babies (p=0.01).

Cook and Lynch (1986), after reviewing the literature
neurological

on

effects of iron deficiency, feel that the most important

defect appears to be an impairment
development

in attention

that has been demonstrated

and school-age children.

span and cognitive

in late infancy, preschool,

They believe that this defect in learning

ability could have far-reaching

consequences

in areas of the world

where iron deficiency remains

a common nutritional

problem.

Ritchey (1987), concludes from his review of the literature,
deficiency

without anemia, has an effect on infant and toddler

behavior.
recently

that iron

The negative impact of iron deficiency
been demonstrated

The behavioral

in animal was well as human studies.

effects noted in infants and toddlers can be seen with

subtle iron deficiency as well as with anemia.
abnormalities
treatment,

on brain function has

Although behavioral

in the very young appear to be correctable

by iron

prolonged iron deficiency may lead to irreversible

brain function.

effects on

These recent findings should further encourage

continued vigilance in preventing

the old problem of iron deficiency.

Use of the Bayley Scales of Infant Development.

The Bayley Scales

of Infant Development

(BSID) is the tool that has been used most widely

to measure

between iron-deficient

differences

anemia and their iron-replete

counterparts.

infants with or without
It consists of three parts:
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1) The Mental Scale is designed to assess sensory-perceptual
acuities, discriminations, and the ability to respond to these; the
early acquisition of "object constancy" and memory, learning,
and problem-solving ability; vocalizations and the beginnings of
verbal communication; and early evidence of the ability to form
generalizations and classifications, which is the basis in
abstract thinking. Results of the administration of the Mental
Scale are expressed as a standard score, the MDI or Mental
Development Index.
2) The Motor Scale is designed to provide a measure of the degree of
control of the body, coordination of the large muscles and finer
manipulatory skills of the hands and fingers. As the Motor
Scale is specifically directed toward behaviors reflecting motor
coordination and skills, it is not concerned with functions that
are commonly thought of as "mental" or "intelligent" in nature.
Results of the administration of the Motor Scale are expressed as
a standard score, the PDI or Psychomotor Development Index.
3) The Infant Behavior Record is completed after the Mental and
Motor Scales have been administered.
The IBR helps the
clinician assess the nature of the child's social and objective
orientations toward his environment as expressed in attitudes,
interests, emotions, energy, activity, and tendencies to approach
or withdraw from stimulation.

One of the main reasons that the BSID is used so often is because of
its reliability.

The reliability coefficients for the mental scale range

from .81 to .93, with a median value of .88. Reliability coefficients for
the motor scale range from .68 to .92, with a median value of .84.
Cook and Lynch (1986) feel that the BSID is extremely useful;
however, they feel it is difficult to administer
dependent

on the experience of the examiner.

also a lack of continuity in performance,
correlation

optimally and is heavily
They feel that there is

demonstrated

between test and retest scores separated
between treated

by a poor
by months.

Longitudinal

comparisons

and untreated

experimental

groups must therefore be carried out in a short time
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which may be insufficient to demonstrate

the corrective

effects of iron

administration.
Effect of Maternal

Anemia on Infant Behavior.

Vaughan and

others (1986) studied the possible effects of maternal
infant behavior.

The study consisted of 68 infants from birth to five

months of age. The Brazelton Neonatal Assessment
administered

within the first 72 hours after birth.

that the Brazelton performance

iron, or folate nutritional

pregnancy.

However, iron-binding

capacities

capacity of the mother was shown
on the Brazelton, with

infants having higher iron-binding

than mothers of less irritable

was also found to approach significance
iron-binding

The results suggest

status of the mother during

to be significantly related (p=.05) to irritability
of the more irritable

infants.

General muscle tone

as a function of the mother's

capacity (p=.10). Cord blood hematocrit

differ significantly

Scale was

is not related to hemoglobin,

hematocrit,

mothers

iron status on

was not shown to

for any of the Brazelton items, although muscle

tone was found to approach significance

(p=.10).

The Bayley Scales of Infant Development

was administered

to the

infants at 5 months of age. None of the mother's

hematological

biochemical

folic acid, serum

measures

(hemoglobin,

hematocrit,

iron, and iron-binding

capacity),

or infant hematological

(cord blood hematocrit

or hemoglobin at five months of age) was

or

measures

significantly related to the Bayley motor scale (n=44) or the Bayley
mental scale (n=42).
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CHAPTER

III

METHODOLOGY
Description of the Subjects

The study population

consisted of 32 married

Caucasian women

that were initially between eight and 14 weeks pregnant.
from 20 to 35 years.
child (multiparous).
complications

Ages ranged

The women were all expecting their second to fifth
Women with a history of pregnancy

such as multiple

miscarriages

or premature

were not included in this study. All subjects were patients

births
of seven

local obstetricians.
Research

Design

This study was designed to determine

the effects of maternal

iron

status on infant iron status and infant mental and motor skills
(physical development) . The effect of maternal
status was also explored.

Additional

further describe the population.

descriptive

diet on maternal

iron

data are presented

The research presented

here is part of

a longer study in which the infants will be followed for two years.
Procedures

and Materials

A summary of data collection procedures

to

can be seen in Table 1.
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Table 1. Data collection procedures
Data Collection
Period

Data
Collected
-Hgb orHct
-Confirmation of meeting
selection criteria

Screening

Initial
(8-14 weeks
gestation)

Second
(32weeks
gestation)

Physician's
records

-Demographics
including
iron status history, cravings
aversions, supplementation

Questionnaire

-CBC and iron panel

Blood sample
analysis

-Weight

Hospital scales

-Nutrient

Third
(Infant's

Source of
Data

intakes

Three day dietary
record

-Supplementation
use,
cravings/aversions,
eating
patterns, income, occupation,
education

Questionnaire

-CBC and iron panel

Blood sample
analysis

-Dietary intake of total iron,
heme iron, non-heme iron
and vitamin C

Food frequency
questionnaire

-Weight

Hospital scales

-CBC and iron panel

Cord blood sample
analysis

-Birthdate, sex, length,
weight, and 1 & 5 minute
apgar scores

Telephone
interview

Birth)
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Table I.

Data collection procedures

(continued).

-------------------------------------------------Fourth
(Infant 3
Month)

-Mental Score (MDD &
Motor Score (PDD

Hayley's scale of
infant
development

-Infant hematocrit
ferritin

Heel prick blood
sample analysis

and

-Length, weight, head
circumference

Measure of growth
parameters

-Type of Feeding Used
(i.e. breast milk , formula ,
solid foods)

Dietary evaluation

-Infant iron and vitamin
intake

Dietary evaluation
including breast
milk iron analysis

C

-Nutrients supplemented
by infant and breast-feeding
mom

Dietary
evaluations &
questionnaire

-CBC and iron panel of
breast-feeding mom

Blood sample
analysis

-Breast milk iron & ferritin

Breast milk
sample
analysis

- -- -- - --------------------------------------------

Initial Contact (Eig:ht to 14 weeks g:estation)
Subject selection was initiated

in March 1984 and continued until

January 1986. Seven local obstetrician

offices were contacted daily to

obtain a list of the women that met the research requirements:
least second pregnancy, 2) between eight and 14 weeks pregnant,

1) At
3)

between 20 and 35 years of age, 4) no history of anemia not due to iron
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deficiency, 5) no prior history of congenital malformations
miscarriages,

and 6) a resident

of the geographical

area.

name, phone mnnber and hemoglobin/hematocrit
reported

to the researcher

The patients

values were

by the physician office employees.

women were then contacted
project.

or

These

and asked to be part of the research

Only one subject that was contacted and asked to participate

refused to be part of the study.

Upon accepting,

made for them to meet the researcher

an appointment

was

at Logan Regional Hospital.

data collected at this time was from a questionnaire,

The

a blood draw with

analysis, and a three day dietary intake record .
Cover letter.

A cover letter was given to each participant

describing the purpose of the study, requirements
and the voluntary nature of the study.

briefly

of the participant

(Appendix A).

Consent form. Each subject was required to sign a written consent
form (Appendix B). The consent form stated what would be required of
the participant

, informed each participant

their physician's

instructions,

that they were to follow

that no phase of the project was

experimental

in nature, what they would receive in remuneration

participation

, that they were free to withdraw from the project if

necessary,

and a reassurance

them or their infant.

for

that there were no expected risks to

The phone numbers of the researchers

were

provided in case the subjects had any questions.
Research

Questionnaire.

Upon meeting with the researcher,

the

subjects were asked to respond to the questions on the 8 to 14 week
questionnaire

(Appendix C). The question/answer

approximately

10 minutes and was designed to obtain descriptive

information

including

age, physician, estimated

session took

date of confinement,
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height, weight history, nmnber
history (anemia), self-ranked
menstruation,

of prior pregnancies,

description

cravings/aversions,

Instructions

for diet records.

iron status

of blood loss during

and activity.
Subjects were asked to record three

days of dietary intake during the week following the initial interview.
Specific instructions

were given on recording the time eaten, the type

of food eaten, and the amount eaten including instructions
demonstration
Tupperware

on weighing and measuring
measuring

the measuring.

and a

the food. A set of

cups was given to each participant

to aid in

Scales were provided to weigh specific foods.

Instructions

were given on how to report dietary intakes of

combination

foods. Written instructions

An example of how to record

were provided (Appendix D).

dietary intake was provided to each

subject (Appendix D). Subjects were instructed

to keep record of all

foods and the quantity eaten for three consecutive

days, including one

weekend day. The subjects were asked to choose three "typical" days to
record.
Weight.

Each of the participants

was weighed in the lab at Logan

Regional Hospital using a platform beam balance scale.
weighed wearing indoor clothing and without shoes.

Subjects were

No adjustments

were made for the weight of the clothing.
Laboratory Blood Draw. After completing the questionnaire,

the

subjects were taken into the lab at Logan Regional Hospital where
approximately

10 cc of blood was drawn from them.

count (G_BC)with differential

A complete blood

and an iron panel, including sermn iron,

total iron binding capacity (TIBC), unbound iron binding capacity
(UIBC) and ferritm,

were completed

on each subject.
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Follow-up. Approximately
subjects were contacted

one week after the initial visit, the

and an appointment

up the food records and the scales.

was made in order to pick

At this time the researcher

reviewed the food records in order to clarify any data in question.
Second Contact (32 weeks pregnant)
The date of the 32 week gestation visit was calculated by subtracting
eight weeks from the estimated

date of confinement.

contacted

on the phone and an appointment

researcher

at Logan Regional Hospital.

Research Questionnaire
descriptive

The subjects were

was made to meet the

. The questionnaire

was designed to obtain

information related to iron deficiency/anemia.

review of the literature

was conducted prior to its development.

Upon meeting with the researcher,

the subjects were asked to

respond to the questions on the 32 week questionnaire
The questionnaire

A brief

(Appendix E).

portion of the interview took appoximately
It was designed to obtain descriptive

minutes to complete.

including supplementation
cravings/aversions,

use, coffee/tea

use, mother/father

father's height and weight, household

information

consumption,

activity, meal consumption

medication/drug/alcohol

10

patterns,

education

appetite,
and occupation,

income, and birthdates

and sex

of all of the children .
Food Freguency.

During this visit, food frequency information

was

gathered on all of the subjects (Appendix E). The subjects were asked
to report the number of times per week (or month, if more appropriate)
that they consumed
read to the subjects.

a particular

list of foods. A list of 29 items were

Following this they were asked to list what
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specific kinds of foods they eat most frequently from the following
groups:

1) fruit, 2) fruit juices, 3) vegetables,

4) bread, 5) meat, 6) milk,

7) cold cereal, and 8) cooked cereal.
Weight.

Each of the participants

was weighed in the lab at Logan

Regional Hospital using a platform beam balance scale.

Subjects were

weighed wearing clothing and in stocking feet.
Laboratory

Blood Draw. A blood sample was drawn on each of the

subjects at the lab at Logan Regional Hospital.

Approximately

10 cc of

blood was drawn for the purpose of running a complete blood count
(CBC) with a differential

and an iron panel, including serum iron,

UIBC , TIBC and ferritin.
Third Contact (Infants Birth).
Two weeks prior to the estimated

date of confinement , the subjects

and physicians offices were contacted
reminded

by telephone.

They were

to have a sample of cord blood collected for analysis.

Cord Blood Draw.

A sample of cord blood was drawn at delivery

and analyzed for a complete blood count (CBC) with differential

and an

iron panel including serum iron, UIBC, TIBC and ferritin.
The birth of the babies was monitored
newspaper's
this method.

birth report.

daily by reading the local

Only the birth of one infant was missed by

This was because he was born at 32 1/2 weeks gestation.

The cord blood analysis was completed

on the infant.

The subjects were contacted by telephone and the following
information was obtained:

1) Birthdate,

2) Sex, 3) Length,

4) Weight,

and 5) One and five minute apgar scores (Appendix F). The subjects
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were congratulated
department

and sent a ten dollar gift certificate

store for their participation

from a local

in the study.

Fourth Contact (Infant three month follow-up)
Prior to the infant turning three months old, the mother was
contacted

and two appointments

made by a separate researcher
Infant Development

to administer

to the infant.

have blood drawn for analysis,
growth parameters

were made.

measured

One appointment

was

the Bayley Scales of

Another appointment

a dietary evaluation

was made to

completed

and

(Appendix G). Both visits were

conducted in the subject 's home.
Consent form. Each subject was required to sign an additional
consent form at this time allowing researchers

to do a heel prick on the

infant to obtain blood to be analyzed for a hematocrit

and a serum

ferritin (Appendix H). The consent form also asked the breast-feeding
mothers to provide a sample of breast milk and to complete a blood
draw to be analyzed for a CBC (complete blood count) and an iron
panel including serum iron, TIBC, UIBC and ferritin.
form stated the requirements
participant

of the participant,

that she was to follow her physician's

phase of the research was experimental
receive in remuneration
certificate

informed each
instructions,

that no

in nature, what they would

for participation

(another ten dollar gift

when the infant turned one year of age), that they were free

to withdraw from the project if necessary,

and a reassurance

there were no expected risks to them or their infant.
numbers

The consent

of the researchers

were provided.

that

The phone
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Infant Heel Prick Blood Draw. Each subject was asked to hold her
baby in a comfortable

position.

The researcher

prepared

the infant's

heel by swabbing it with alcohol. A sterile lancet was used to prick the
heel. The 1 cc of blood was collected in hematocrit

tubes and sealed

with clay. The infant's heel was allowed to quit bleeding and a
bandage was applied.
Data for one infant was not obtainable

at this time because she had

casts on both legs and feet. This did not allow for a heel prick for blood
analysis.
Length.
board.

The infants were measured

using a recumbent

length

The infants head was placed snuggly against the head board

and the sliding foot board was placed snuggly against the infant's feet.
The measurement
Weight.
scale.

was taken in centimeters.

Weight was measured

It was measured

No correction

in light clothing using an infant

in pounds and recorded to the nearest

was made for the weight of the clothing.

ounce .

The mothers

were asked to make sure the infants had on dry diapers .
Head circumference.
measured

The infants head circumference

using a flexible, nonstretchable

were reported

in centimeters

Dietary record.

measuring

tape.

was
Values

to the nearest 0.1 centimeter.

The subjects were asked to report whether the

infant was breast fed or formula fed. If formula fed, the type of
formula and the quantity consumed per day were reported.

The

subjects were asked to report if food other than breast milk or formula
had been added to the infant's diet and the quantity of each item
consumed

per day.
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Supplementation.
vitamin/mineral

The subjects were asked to report any

supplements

that the infant was consuming,

including type and amounts of nutrients.

If the subject was breast

feeding, she was asked to provide supplementation
herself, including
Breast milk.

information

on

brand and dosage.
If the subjects were breast feeding their infants, they

were asked to provide a 30 ml sample of breast milk which was
analyzed for iron and ferritin content.
the sterilized

Instructions

were given to use

breast pump that was provided and to express the milk

from a breast in which the infant had previously sucked for two
minutes.

These instructions

were given to help in standardizing

the

samples.
Breast Feeding Subjects Laboratory Blood Draw. The breast feeding
subjects were taken to Logan Regional Hospital laboratory where a 10
cc sample of blood was drawn. A complete blood count (CBC) and an
iron panel, including

serum iron, TIBC, UIBC and ferritin, were

analyzed from the sample.
Bayley Scale of Infant Development.

The Bayley Scales of Infant

Development

was administered

development

in the infant's home in the presence of the mother.

scores were obtained:

by a trained researcher

in child

1) mental score, and 2) motor score.

Two
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Laboratory Blood Analysis (Eight to
14 weeks and 32 weeks Gestation)
All of the blood analyses for the initial visit (eight to 14 weeks
gestation),

the second visit (32 weeks gestation),

breast-feeding
Hospital.

mother's visit were done at the lab at Logan Regional

A CBC or complete blood cmmt was done using the Coulter

Counter, which is an automated
instrument

and the three-month

hematology

employs a non-optical

analyzer.

This

scanning system providing a

counting rate in excess of 6,000 individual cells per second with a
counting interval of 15 seconds.

A suspension

thru a small orifice simultaneously

of blood cells is passed

with an electric current.

individual blood cells passing thru the orifice introduce
change in the orifice determined

an impedance

by the size of the cell. The system

counts the individual cells and provides cell size distribution.
number of cells counted per sample is approximately

10 times.

The

100 times greater

than the usual microscope count to reduce the statistical
factor of approximately

The

error by a

The methods used in analysis for the

CBC are described below along with the methodology

for serum iron,

TIBC, UIBC, and ferritin.
Red Blood Cell (RBC) or Erythrocyte Count. Cells in the RBC bath
that are 36 um and greater are classified as RBC. The Analyzer
computer multiplies

the count by a calibration

count in conventional
Hemoglobin

units:

RBC count= n x 10 cells per mm.

(Hgb) Concentration.

voltages generated

constant to express the

by the photo-current

The reference

and sample

circuitry to measure

46

transmittance

(%T) are used in the following equation:

Hgb (g/dl) =

constant x log Reference %T/Sample %T.
Mean Corpuscular

(erthrocyte)

Volume (MCY). This parameter

derived from the RBC population
The accumulation
multiplied

is

contained within the RBC histogram.

of RBC in each channel within the histogram

is

by the size of the RBC in that channel; the products of each

channel between 36 and 360 um are added.

This summation

is divided

by the total number of RBC between 36 and 360 um . The Analyzer
computer multiplies
MCV expressed
Hematocrit

the result by a calibration

constant to produce

in cubic micrometers.
(relative volume of erythrocytes) (Hct). After being

scaled to conventional
the following equation:
Mean Corpuscular

units, the MCV and RBC values are entered in
Hct (%) = RBC x MCV I 10.
(erythrocyte)

Hemog:lobin (MCH). This is

computed by the following equation:
Mean Corpuscular

(erythrocyte)

MCH (pg/cell)=

10 x Hgb I RBC.

Hemog:lobin Concentration

(MCHC). This is computed by entering the Hct and Hgb values in the
following equation:

MCHC (g/dl) = 100 x Hgb I Hct.

Red (erythrocyte volume) Distribution
expression of the size distribution

Width (RDW). This is an

spread of the erythrocyte

It is computed from the RBC histogram

variation

population.

and is the coefficient of

(CV), expressed in percent, of the RBC size distribution.

Serum Iron, UIBC and TIBC. At acid pH and in the presence
suitable reducing agent, transferrin-bound

iron dissociates

of

to form

ferrous ions. These react with ferrozine to produce a magenta-colored
complex with an absorbance
spectrophotometer.

maximum

at 546 nm on the

The difference in color intensity

at this wavelength
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after addition of ferrozine is proportional

to serum iron concentration.

At alkaline pH, ferrous ions added to serum bind specifically with
transferrin

at unsaturated

iron-binding

sites.

rmbormd

Remaining

ferrous ions are measured with the ferrozine reaction.

The difference

between the amormt of rmbormd iron and the total amormt added to
serum is equivalent

to the quantity bound to transferrin.

This is UIBC.

The serum TIBC equals the total iron plus the UIBC.
Ferritin.

The procedure

used was a radioimmunoassay.

antigen is used to compete with the unlabeled
available antibody binding sites.

antigen in finding

The amormt of radioactivity

therefore inversely related to the concentration
patient's

A labeled

of antigen in the

sample or standard . After an adequate

bound and free fractions are separated

bound is

incubation

period the

and the radioactivity

is

quan ti tated.
Percent

Saturation.

This is calculated

using the following formula:

Serum Iron I TIBC x 100.
Laboratory

Blood Analysis (Infant three months)

Hematocrit.

The hematocrit

trained lab researcher
determined.
Ferritin.

and the percent of packed red blood cells was

The serum portion was retained

to measure

A radioimmrmoassay

was done using an RIA

kit commercially
Nutrient

tubes were sprm in a centrifuge by a

procedure

ferritin.

prepared by Diagnostic Products.

Analysis (Eig:ht to

14 weeks Gestation)

The three-day dietary records were coded by the researcher

and the
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household
analysis.

measures

were converted

The Nutrient

Education

(NUTREDFO)

to weight in grams for computer

Information

was used for the analysis.

System Database

This data base contains 466

commonly consumed foods. It was developed at Utah State University
in conjunction

with the Nutrition

Division of the Human Nutrition
States Department

Guidance and Education
Information

of Agriculture.

Research

Service of The United

The unique features of the data

base follow:
1) The nutrient

composition data of the foods are up-to-date values.

2) The primary source of data is the revised USDA Agriculture
Handbook No. 8.
3) Most other data is from recently published values of nutrients;
for example, the zinc and folacin values were published

in

The J oumal of the American Dietetic Association.
4) The values were imputed for yield and cooking losses based on
retention

factors determined

by USDA.

5) There are no "zero" values in NUTREDFO.
complete

nutrient

information

This provides more

and analysis.

6) The system contains three data files:
a) permanent

file, which holds profiles of 26 nutrients
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basic foods.
b) temporary
nutrient

file, which allows the user- to enter any food and its

profile into the database

c) documentation

file, which describes the sources of all nutrient

values in the permanent
The database

to be used in dietary analysis.

database.

does have some limitations,

mainly in the limited

nmnber of foods that are available . The foods in the data base are in
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the most simple form and thus combination

foods become more

difficult to analyze.
The 26 nutrients

that are analyzed on NUTREDFO

are:

Calories

Phosphorus

Protein

Zinc

Fat

Potassium

Total saturated

fat

Sodium

Total monounsaturated
Total polyunsaturated

fat

Vitamin

fat

A

Thi am in

Cholesterol

Riboflavin

Carbohydrate

Pre-niacin

Added Sugar

Vitamin B6

Alcohol

Vitamin B12

Calcium

Vitamin

Iron

Folacin

Magnesium

Panothenic

The temporary
unavailable

Acid

file was used to input some foods which were

on the permanent

and infant foods. The nutrient
from USDA Agriculture
Supplementation

C

file. These included mainly cold cereals
values entered for these foods came

Handbook No. 8.

Analysis

At the initial visit (8 to 14 weeks gestation) and the second visit (32
weeks gestation), the subjects were asked about their use of
vitamin/mineral

supplements,

including brand and number

of days

50

per week taken.

The analysis of nutrients

the

number of days per week consuming the supplement

by the nutrient

compositon

the average daily

and then dividing by seven to determine

intake of the nutrients
Nutrient
/

came from multiplying

in supplement

form.

Analysis - Food Frequency (32 weeks)

The food frequency questionnaire
and vitamin

C intake.

Pennington

was designed

to quantitate

iron

and Church (1980), a book of

nutrient

composition

measure

of normal serving sizes and to obtain the values for iron,

heme iron, non-heme

of commonly consumed foods, was used as a

iron, vitamin

C and calories contained

normal serving sizes. These nutrients

were estimated

within

for a week's

period of time on each subject and then figured per day. It should be
noted that added fat calories were not asked on the 32 week food
frequency.
Nutrient

Analysis (3 month

Breast-Fed
breast-fed

Infants.

infants,

old infants)

In order to quantitate

the iron intake of the

their caloric needs were estimated

using the RDA

of 115 kcal/kg. From this, the volume of milk needed to meet the
infant's

caloric requirements

was estimated.

We then used the value

of iron that was analyzed from the sample of breast milk to estimate
the infant's total iron intake.

The values in Pennington

(1980) were used as an estimate
Formula

Fed Infants.

and Church

of vitamin C intake.

The values in Pennington

and Church
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(1980) were used to estimate

iron and vitamin C intake supplied by

formula.
Solid Foods. The iron and vitamin C supplied by solid foods were
estimated

from Pennington

and Churc h (1980) values.

Breast Milk Iron and Ferritin

Analysis

Breast milk iron was analyzed by a trained researcher
ferrozine method.
commercially

Breast milk ferritin was analyzed using an RIA kit

prepared

by Diagnostic
Statistical

The SPSS (Statistical

Products.
Analysis

Package for the Social Sciences) was used for

statistical

analysis.

determine

means, standard

nutrient

using the

Frequency distributions
deviations

data and Bayley scores.

were completed

to

and range of lab values,

A correlation

matrix was produced

among all of the variables.
Hierarchical

regression was used to test the following questions:

l)What determines

the infant's iron status, given the mother's

pregnancy iron status and diet?
infant's mental

and 2) What factors influence an

and physical development,

given infant and mother's

iron status and diet? An alpha cf p<.05 was set as the probability
criterion for inclusion and p<.10 as the criterion for tentative
conclusions.
Pathway analysis was used to describe the maternal
that have a significant

influence on maternal

dietary factors

ferritin, the influence

of
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maternal

ferritin on infant ferritin, and the influence

factors on infant ferritin.

of infant dietary

53

CHAPTER IV
RESULTS AND DISCUSSION
Purpose

Iron deficiency anem ia continues
recognized

to be the most commonly

form of nutri tional deficiency . It is particularly

among infants and young children.
to behavioral

changes in preschool

Research relating

prevalent

iron deficiency

and school age children are

reported in the literature (Oski and Honig, 1978; Lozoff et al., 1982;
Cantwell, 1974; Deinard et al., 1981; Webb and Oski, 1973; Palti et al.,
1985). The purpose of this study was to determine
maternal

what influence

iron status had on infant's iron status and the impact of

infant iron status on mental/motor
studied to determine

skills.

Dietary factors were also

their impact on maternal

and infant iron status.

Description of the Subjects

Subject selection was made by contacting seven local obstetricians
over a 11/2 year period of time. The subjects had to meet the following
criteria:
pregnant,

1) At least second pregnancy, 2) between eight to 14 weeks
3) between 20 and 35 years of age, 4) no history of anemia not

due to iron deficiency, 5) no prior history of congenital
or miscarriages,

and 6) resident

of the geographical

criteria was met, the subjects were contacted
in the study (Appendix I).

malformations

area.

If the

and asked to participate
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It is estimated

that over 1,000 subjects were screened for the study.

Initially the subjects were matched according to their hematocrit
values (i.e. one hematocrit

<38% with a hematocrit

>42%). Based on

the tight criteria needed for the study, subject selection was very slow.
The criterian was changed to include subjects that met the other
criteria, regardless

of their hematocrit.

Iron status was then studied

on a continuum.
The study population

consisted of thirty-two f~male subjects, all

between 8 to 14 weeks gestation.

Subjects ranged in age from twenty to

thirty-five years and were all multiparous.

The average age of the

subjects was 26.6 years, with a range of 20-35 years.

The average

number of children was 2.2, with a range of 1-4.
Demographic

Data

Family income ranged from 10 to 40 thousand dollars.

Forty-one

percent of the subjects reported an income in the range of 15 to 20
thousand

dollars (n=13).

Education level covered the spectrum between High School and BS
degree. It is interesting

to note that the subjects all had at least a High

School degree. Five of the subjects had completed

a Bachelor's Degree.

The majority of the subjects (n=23) were home1nakers, while the
remaining

subjects were skilled (n=6) or professional

(n=3) (Table 2).
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Table 2.

Family income, education level and occupation
who are 8 to 14 weeks pregnant (n=32).

of women

Family Income (dollars)

n

Percent of Subjects

10,001-15,000

4

12.5

15,001-20,000

13

40.6

20,001-25,000

6

18.8

25,001-30,000

6

18.8

30,001-40,000

3

9.4

High School

11

34.4

1 Year College

10

31.3

2 Year College

5

15.6

3 Year College

1

3.1

B.S. Degree

5

15.6

Skilled

6

18.8

Professional

3

9.4

Homemaker

23

71.9

Education Level

Occypation
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Maternal

Nutrient

Intake Results

Eight to 14 Weeks Gestation Dietary Data
Nutrient
range.

intakes were reported

The 1980 Recommended

Estimated

Safe and Adequate

(ESADDI) as determined
used as standards
Nutrient

as the group mean and the group

Dietary Allowances (RDA) and

Daily Dietary Intake Standards

by the Food and Nutrition

for nutrients

and energy (Appendices

intake results were calculated

record using the NUTRED FO computer
compilation

Board (1980) were
J and K).

from a three-day diet

program, which is a

of food composition data published by the USDA (1983).

The results are reported on the averages of the three-day intakes.
Average

and the range from the three day average of nutrient

intakes are shown in Table 3. They are compared to pregnancy RDA
values and non-pregnancy
their first trimester

RDA values since the subjects were only in

of pregnancy.

Mean intakes of ten of the nutrients

were greater than 100% of the non-pregnancy
phosphorus,

sodium, vitamin

A, thiamin,

RDA (protein, calcium,

riboflavin,

vitamin 812, vitamin C), while nine of the nutrients

pre-niacin,
were greater than

100% of the pregnancy RDA. The mean intake of calcium was greater
than 90% of pregnancy RDA (1111 mg).
Six nutrients

were consumed

in amounts less than 90% of

pregnancy RDA: iron 77.2%, magnesium
65%, folacin 30% and pantothenic
were consumed

58%, zinc 51%, vitamin

86

acid 89%. The same six nutrients

less than 90% of non-pregnancy

RDA.
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Table 3.

Dietary intake as mean and percent RDA (pregnancy and
non-pregnancy).

Nutrient

Mean
&SD

3 day Avg.
Range

Preg % RDA

Non-Preg
%RDA

83. 7 ..

96.3 ..

Kcals

1926 ± 467

1057-2833

Protein (gm)

76.9 ± 24.4

38.9-124.0

Fat (gm)

85.4 ± 27.3

30.8-161.5

Sat (gm)+

34.4 ± 11.6

9.3-63.4

Poly (gm)+

14.4 ± 6.4

5.7-32.6

Mono (gm)+

30.9 ± 10.4

12.3-62.9

Cholesterol (mg)

351 ± 143

166-722

Carbohydrate

219 ± 47

133-295

Added Sugar (gm)

51.4 ± 25.3

13.5-102.3

Alcohol (gm)

.035 ± .014

4.3-6.9

Calcium (mg)

1111 ± 488

263-2343

92.6

138.9

Iron (mg)

13.9 ± 5.9

7.4-31.2

77.2

77.2

262 ± 76

114-484

58.2

87.3

Phosphorus (mg)

1368 ± 436

583-2398

114.0

171.0

Zinc (mg)

10.2 ± 3.1

4.4-16.7

50.9

67.8

Po t assium (mg)

2673 ± 760

1297-4862

11.3•••

71.3 ...

Sodium (mg)

2557 ± 1075

14.29-6895

116.2* ..

116 .2···

Vitamin A (IU)#

5357 ± 2477

1893-10885

107.1

133.9

Thiamin

1.48 ± .53

.89-3.0

105.7

148.0

Magnesium

(gm)

(mg)

(mg)

103.9

174.8

Riboflavin

(mg)

2.14 ± .79

.91-4.39

142.7

178.0

Pre-niacin

(mg)##

20.34 ± 7.8

10-35

135.6

156.5

Vitamin B6 (mg)

1.7 ± .7

.72-3.19

65.4

85.0

Vitamin B12 (mcg)

4.77 ± 2.1

1.35-11.29

119.3

159.0

Ascorbic Acid (mg)

118.1 ± 41

47-200

147.6

196.8

Folate (mcg)

241.3 ± 100

115-545

30.2

60.3

Panothenic Acid (mg)

4.88 ± 1.4

2.37-7.95

88.7•••

88.1···

*n=32 women
**Midpoint of range for energy used to calculate % of RDA for Kcals.
•••Represents percent of Estimated Safe and Adequate Daily Dietary Intakes,
midpoint used.
#Database and nutrient analysis program reports Vitamin A in I.U.'s.
##Represents preformed niacin; excludes niacin equivalents from tryptophan.
+Sat=saturated fats; poly=polyunsaturated fats; mono=monounsaturated
fats.

58

The nutrients
determined

for which the Food and Nutrition

the Estimated

Board (1980) has

Sae and Adequate Daily Dietary Intakes

(ESADDI) were within the aJowed range, including potassium,
sodium, and panothenic

acid. It should be noted that the sodium

intakes are probably underes:imates

because they exclude sodium in

salt added at the table.
Results of the USDA Nationwide Food Consumption

Smvey (1985)

for pregnant women ages 19 to 34 showed similar trends in nutrient
intake (Figures 1 to 11).
Average energy intake (Figure 1) was about eight percent lower
than the average from the NFCS (1985) smvey for pregnant women 19
to 34 years of age. The average was, however, only 84% of the
pregnancy RDA. Since dietary intake information

in this sample was

based on a three-day record, it is possible that energy intakes on the
days evaluated

did not reflect usual consumption

patterns.

It should

be noted that both groups had small sample sizes (Iron Study n=32,
1985 NFCS n=34).
The average percentage
15.4 %, carbohydrate
population

45.6%, and fat 39% (Table 4). This study

had a higher percentage

a lower percentage
is interesting

of calories supplied by protein was

of calories supplied by protein and

supplied by carbohydrate

than the NFCS (1985).

to note that the percentage of calories supplied by protein

had decreased by 2 percent between the 1977-78 NFCS and the 1985
NFCS. The percentage
groups.

It

of calories supplied by fat was the same in all
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Table 4.

Percentage of total calories supplied by protein, carbohydrate
and fat: iron study, NFCS (1977-78) and NFCS (1985).*

Average percent of
total Kcals from:

Mean&SD

Range

NFCS**
(1977-78)

NFCS**"'
(1985)

Protein

15.4 ± 2.4%

10-19%

16.6%

14.4%

Carbohydrate

45.6 ± 6.0%

28-50%

44.7%

46.1%

Fat

39.0 ± 5.4%

33-56%

39.0%

39.5%

•n=32.
••NFCS (1977-78) pregnant women ages 23-34.
•••NFCS (1985) pregnant women ages 19-34.

Average protein intake (Figure 1) of the subjects was above the
pregnancy RDA (104% of RDA), however 56% of the subjects fell below
the RDA , 38% below 90% of the RDA, and 13% below 2/3 of the RDA.
The study population

had the same average protein intake as reported

in the NFCS (1985).

The average dietary calcium intake (Figure 2) was 93% of the
pregnancy RDA.

The average amount of calcium supplemented

increased it to 113% of the RDA. The range of intake varied greatly
between 263 and 2343 mg. This difference appeared to be the result of
differences in milk consumption

between subjects. Fifty percent of the

subjects had a calcium intake below 90% of the RDA and 25% had
intakes less than 2/3 of the RDA.

The NFCS reported an average

intake of 867 mg, which is well below the pregnancy RDA as well as
this study population.
NFCS subjects.

Supplementation

data was not available on the
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Dietary iron intake (Figure 3) of this population was very close to
intakes of pregnant women in the NFCS, with average intakes of 13.9
and 14.2 mg respectively.

Eighty-four percent of the subjects (n=27)

had dietary intakes less than the RDA of 18 mg. Only five of the
subjects had dietary iron intakes greater than the RDA, and these
women were all consuming iron fortified cereals.

Forty-one percent

of

the subjects were consuming less than 2/3 the RDA for dietary iron
(less than 12 mg). The subjects were meeting the RDA for
supplemented

iron (30 to 60 mg), with a mean intake of 50 mg.

Average dietary magnesium
this population

intakes

(Figure 4) were very similar in

and the NFCS pregnant population.

Both groups had

intakes well below the RDA of 450 mg (Iron study 58% RDA, NFCS 60%
RDA). Mean dietary intake plus supplementation

increased

the intake

to 80% of the RDA.
Vitamin A intakes ranged from 1893 IU to 10885 IU (Figure 5). The
average intake was greater than the RDA, however

56% of the

subjects had intakes less than the RDA. Five of the subjects had
intakes in excess of 8000 IU, which skewed the average.

The subjects

with the high intakes had all consumed either carrots or squash
during this three day period.

It is interesting

to note that the NFCS

had a higher vitamin A intake than this study.

This could be related

to the difference in data bases used for the dietary analysis between the
two studies.

Supplementation

of vitamin A increased

the mean intake

to 242% of the RDA.
Average thiamin intake was about equal to the RDA and the NFCS
(Figure 6). Supplementation

increased the mean intake to 305% of the
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RDA. The mean thiamin intake per 1000 kcals (.78 mg) was greater
than the RDA per 1000 kcals (.6 mg).
Mean dietary riboflavin intake was greater than the RDA (Figure
7). Supplementation

increased the mean intake to 366% of the RDA.

The mean intake per 1000 kcals (1.11 mg) was greater than the RDA
per 1000 kcals (.65 mg).
Mean dietary vitamin 812 intake (Figure 8) was greater than the
RDA . The mean intake was increased to 460% of the RDA with
supplementation.

The NFCS showed a significantly

higher vitamin

812 intake (5.6 mg higher) than this study. This could possibly be
explained by the fact that different data bases were used in the nutrient
analysis.
Mean dietary preformed
the RDA (135%).

niacin intake (Figure 9) was greater than

Supplementation

the RDA. The recommended

increased mean intake to 273% of

mean intake of niacin per 1000 kcals (6.5

mg) was being met in this study with an intake of 10.4 mg per 1000
kcals.
Average dietary vitamin 86 intake (Figure 10) was less than the
RDA (65%) and equal to the NFCS. Eighty-one percent of the subjects
had intakes less than the RDA, while 56% of them had intakes less
than 2/3 of the RDA. Supplementation

increased mean intake to 488%

of the RDA. It has been suggested that a ratio of 0.02mg of vitamin 86
per gram of protein ingested be a basis for calculating
allowance (Food and Nutrition
calculating
standards,

the vitamin 86

Board, 1980). When using this ratio for

vitamin 86 needs in this study population
the vitamin 86 intake is adequate.

for pregnancy
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Average dietary vitamin C intake

(Figure 11) was 148% of the

pregancy RDA, with only one subject having an intake less than 2/3 of
the RDA. Intakes were very similar between this group and the NFCS.
Supplementation

increased mean intake to 305% of the RDA.

Average pantothenic
Safe and Adequate

acid intake was greater than the Estimated

Daily Dietary Intake of 4-7 mg (Figure 12). Eight

subjects had intakes less than the low range of safe intake.
Average zinc intake was only 51 % of the RDA, with all subjects
consuming intakes less than the RDA (Figure 13). Zinc was not
included in the prenatal
remained

vitamin/mineral

supplements,

thus intake

less than the RDA.

Average dietary intake of folate was only 30% of the RDA (Figure
14). All subjects were consuming less than the RDA.
Supplementation

increased intake to 134% of the RDA.

Cravings and aversions.

The 32 subjects were asked to report any

cravings and/or aversions they had on their first trimester
nine percent

of the subjects reported having aversions.

commonly reported

visit.

Fifty-

The most

aversions and percent subjects having these

aversions were red meats 18%, fried foods 18%, Italian foods 15%,
chocolate 12%, spicy foods 9% and candy 9% (Table 5). Hook (1978)
reports similar findings, with three of the top six i terns the same.
Sixty-three percent of the subjects reported having food cravings.
The most commonly craved foods and percent of subjects having these
cravings included fruit 26%, salty snack foods 18%, vegetables

15%,

citrus foods 15% and pizza 9%. Hook (1978) reports only two of the
same items as the top five craved foods. It is interesting

to note that

Hook reports candy as the number five craved food, while it is the
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number six aversion food in this study.

Vegetables

are reported

as the

number three craved food in this study, while they are the number
three aversion food in Hook's study. Contrary to popular belief, dill
pickles and ice cream are not always the most popularly craved foods
during

pregnancy .

Table 5.

Percentage of reported food aversions and cravings of women
8 to 14 weeks pregnant compared to Hook's (1978) results.
CRAVINGS

AVERSIONS

Study Population

Hook

Study Population

Hook

Fruit 26%

Ice Cream 18%

Red Meat 18%

Red Meats 17%

Salty Snacks 18%

Chocolate 16%

Fried Foods 18%

Italian Foods 10%

Vegetables 15%

Citrus Fruit 12%

Italian Foods 15% Vegetables 9%

Citrus Fru it 15%

Fruits 12%

Chocolate 12%

Poultry 8%

Pizza 9%

Candy 12%

Spicy Foods 9%

Fish 5%

Candy 9%

Spicy Foods 3%

Thirty-two Week Gestation Dietary Data
A food frequency questionnaire

was used to quantitate

iron (heme and non-heme) and vitamin

C intake.

calories,

The results are

shown in Table 6. The group had an average intake of 1350 calories;
however, it should be noted that added fat calories were not accounted
for in the questionnaire.

The caloric intake range was between 650 and

2030. Average iron intake was 12.3 mg with 3.6 mg coming from heme
sources and 8. 7 mg from non-heme

sources.

from 43 to 297 mg with an average of 132 mg.

Vitamin

C intake ranged
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Table 6.

Food frequency dietary results of women at 32 weeks
gestation.+

Nutrient

Mean&SD

Range

Kcals

1352 ± 346°

651-2030

Iron (mg)

12.3 ± 4

6.7-27.6

heme

3.6 ± 1.2

1.4-6.5

non-heme

8.8 ± 3.6

4.4-23.3

132 ± 59

43-297

Vitamin

C

*n=32 women.
••Added fat calories were not accormted for.

In order to compare the caloric intake results from the first
trimester

to the last trimester,

week data to try to compensate
from the first trimester

an additional 39% was added to the 32
for added fat calories.

This value comes

data in which the subjects consumed 39% of

their calories from fat. This accmmts for an average

intake of 1880

calories, which is similar to the average caloric intake during the first
trimester

(1926 calories).

determining

This information

is useful only in

whether or not there has been a good estimate

of iron and

vitamin C intake from the 32 week food frequency data. Since the
values are fairly close, it is felt that the iron and vitamin C intake
estimates

are relatively

accurate.

Food iron is found in two forms: heme and non-heme iron. Heme
iron is found in meat and non-heme
The non-heme

iron from all other iron sources.

form of inorganic iron (III) complexes and is broken

down during digestion and the iron is partly reduced to the more
readily absorbed iron II (ferrous) form. This is enhanced by ascorbic
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acid and can be somewhat inhibited by phosphate

and oxylate

(secondary

and by the presence

to forming insoluble iron compounds)

of food fiber and certain metal chelators (Dallman et al., 1980).
The heme is split from the glob in portions of hemoglobin
myoglobin in the intestinal
the intestinal

lumen.

and

The heme is assimiliated

intact by
Dietary

mucosa and the iron is released via an enzyme.

factors do not appear to have a significant effect on the absorption

of

heme iron (Dallman et al., 1980).
The degree of iron absorption
including the abundance

varies according to many factors

of body iron stores, the form and amount of

iron in foods, and by the combination

of foods in the diet. The use of

orange juice with a meal more than doubles the absorption
from the entire meal (Cook and Monsen, 1976).

of iron

The percentage

of

iron absorbed by adults varies from one to over 20 percent in individual
foods, with foods of vegetable

origin being the least and meat the most

(Layrisse and Martinez-Torres,

1971).

From Table 7, it can be seen that the average iron intake of the
subjects at 32 weeks gestation was within 1.6 mg of the first trimester
data.

The range of intake continued

having the higher intakes
The average vitamin

to be high, with the subjects

consuming

iron-fortified

C in take remained

than the RDA during the last trimester
was higher during the last trimester.

cereals.

significantly

higher

(Table 8). The range of intake
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Table 7.

Iron intake at 8 to 14 weeks gestation vs. iron intake at 32
weeks gestation.•
Mean Iron
Intake & SD
(mg)

Range
(mg)

%RDA

8-14 Weeks"'"'

13.9 ± 5.9

7.4-31.2

77

32 Weeks""""'

12.3 ± 4.0

6.7-27.6

68

•n=32 women.
**Three day dietary record data.
•••Food frequency data.

Table 8. Vitamin C intake at 8 to 14 weeks gestation vs. vitamin C
intake at 32 weeks gestation."'

8-14 Weeks

0

32 Weeks"'"'"'

Mean Vit C
Intake & SD
(mg)

Range
(mg)

%RDA

118 ± 41

47-200

148

132 ± 59

43-297

165

•n=32 women.
**Three day dietary record data.
•••Food Frequency data.

Supplementation

Use

8 to 14 Weeks Gestation.

At the first visit with the researcher,

subjects were asked to report their use of supplements,
per week supplemented

and brand of supplement

used.

number of days
Eighty-four

percent (n=27) of the subjects reported the use of supplements,
56% supplementing

the

with

seven days per week (Figure 15). The five subjects

that were not supplementing

either stated they had not filled their
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Figure 15.

Days per week vs. percent of pregnant women (8-14 weeks
gestation) consuming vitamin/mineral
supplements.
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prescription

(n=3) or that the supplements

Ninety-three
prenatal

made them sick (n=2).

percent of the subjects supplementing

vitamin/mineral

supplement.

taking a variety of individual vitamin
were not prescribed

Two of the subjects were
and mineral

by their physician.

consuming adequate

were taking a

supplements

One of these subjects was

Folic Acid, one-half of the amount of iron

normally provided in prenatal

vitamins,

and numerous

not usually provided in prenatal

supplements

other nutrients
including

manganese.

130% of the RDA for calcium,

zinc, phosphorus,

The other subject supplemented

RDA for folic acid, did not supplement

panothenic

with zinc, phospohorus,

chromium,

potassium

supplements,

potassium,

acid. The brand of supplement

and

with only one-half of the

with iron, consumed

times the calcium supplied by the prenatal
supplemented

that

three

and

biotin and

most commonly used was

Stuart Natal 1+1 (Table 9). The composition of Stuart Natal,

Filibon

FA and 0-cal can be seen in Table 10.
Table 9.

Brands of supplements used by women taking supplements
during the first trimester of pregnancy.*
Brand

% of Women Taking

Stuart Natal 1+1

78%

Filibo!l FA

11 %

0-cal

4%

Other**

7%

'"n=27 women .
.. A variety of non-prenatal

supplements

not prescribed by physician.

Table 10.

Composition

of prenatal

vitamin/mineral

supplements.

Stuart Natal 1+ 1

Filibon FA

0-Cal

Vitamin A (IU)

8000

8000

8000

Vitamin D (IU)

400

400

400

Vitamin

E (IU)

30

30

30

Vitamin

C (mg)

90

60

90

Folic Acid (mg)

1

1

1

2.55

1.7

3

3

2

3

Niacin (mg)

20

20

20

Vitamin B6 (mg)

10

4

4

Vitamin B12 (mcg)

12

8

12

200

250

200

150

150

150

65

45

66

100

100

100

Thiamin

(mg)

Riboflavin (mg)

Calcium

(mg)

Iodine (mcg)
Iron (mg)
Magnesium
Fluoride

(mg)

(mg)

1.1

Copper (mg)

2

Zinc (mg)

-15

------------------------------------------

- -------

The mean, range and %RDA of nutrients
weeks gestation can be seen in Table 11.

supplemented

at 8 to 14

83
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Table 11.

Nutrients supplemented
weeks gestation.•

Nutrient

by pregnant women 8 to 14
Range

Mean&SD

----------------------------------

%RDA

·----------------

Vitamin A (IU)

6723 ± 2171

1250-10000

134%

Vitamin D (IU)

350 ± 133

115-800

88%

Vitamin E (TE)

46 ± 79

8.5-400

460%

Ascorbic Acid (mg)

126 ± 199

25-1000

158%

Folate (mcg)

833 ± 242

286-1000

104%

Thiamin

2.8 ± 3.1

.75-16

200%

Riboflavin (mg)

3.4 ± 3.6

.85-16

227%

Niacin (mg)

20.7 ± 18

5.7-110

138%

Vitamin 8 6 (mg)

11 ± 18

2.9-100

423%

Vitamin 812 (mcg)

13.6 ± 18

3.5-100

340%

Calcium

244 ± 39

57-1550

20%

Iodine (mcg)

127 ± 39

43-225

72%

Iron (mg)

50 ± 16

19-66

277%

100 ± 74

29-450

22%

(mg)

(mg)

Magnesium

(mg)

-------------------------------------------------•n=27 women

The nutrients
of the nutrients,

supplemented

were beneficial

in increasing several

that were low from dietary intake, enough to meet the

RDA. When dietary and supplementation

data were combined, folic

acid provided 134% of the RDA, vitamin 86 provided 488%, calcium
provided 113%, iron provided 355% and magnesium

provided 80%.
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Thus the supplementation

was beneficial

in providing a more adequate

diet.
Mean dietary zinc intake provided only 51 % of the RDA. Zinc was
not provided in the supplements
nutrient

remained

low in the diets of these pregnant

be noted that prenatal
including

of 89% of the subjects.

vitamin/mineral

supplements

Thus, this one

women.

It should

are currently

zinc in their formulation.

32 Weeks Gestation.
supplementing

Sixty-two percent of the subjects reported

seven days per week by the second visit (Figure 16).

Only one subject reported

not using a supplement

throughout

her

pregnancy.
Weight Gain in Pregnancy
The thirty-two subjects were all weighed on the same platform
beam balance scale, wearing indoor clothing, without
initial visit and on their thirty-two week visit.

shoes, on their

At the initial visit, four

of the subjects were obese or greater than twenty percent above their
ideal body weight

using Hamwi (1964) standards

heights.

One subject was underweight

standard.

Thirty-four percent (n=ll)

for weights given

or less than 85 percent

of

of the subjects fell in the range of

95 to 105 percent ideal body weight. Sixty-three percent of the subjects
fell in the range of 90 to 110 percent of ideal body weight.

The average

percent of ideal body weight was 109%.
A comparison
weeks gestation)

of the results of weight gain from first visit (8 to 14
to second visit (32 weeks gestation)

and birth weight

can be seen in Table 12. The subjects had an average weight gain of 1 7
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Figme 16.

Days per week vs. percent of pregnant women (32 weeks
gestation) consrnning vitamin/mineral
supplements.
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Table 12. Net weight change* from initial visit (8 to 14 weeks
gestation) to second visit (32 weeks gestation) vs. infant birth
weight.
Subject
01

02
03
05
06

07
08
09
11

12
13

14
15
16

17
18
19
20

21
22
Z3
24
25

26
27
28
29
30

31
32
33

34

Weight Change (lb)
09
30

16
26
21
14
18
18
11
12
26
17
Z3
15
Z3
20
19
26
17
18
21
16
20
22
18
20
22
10
12
20
-3
12

Birth Weight (gm)
3614
3671
3686
3303
2892
2821
3515
2920
3374
2722
3898
3374
3033
3997
3841
4011
3161
3586
3884
4082
3473
3218
3430
3530
3189
3175
3687
3997
3189
3388
3700
2126

•Average Weight Change=l 7 3/~ pounds. Range: -3 to 30 pounds.
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3/4 (± 6) pormds during this time, with a range of -3 pormds to +30
It is interesting

pormds.

to note that the rmdeiweight

subject gained

26 pormds during this period, the subjects that were between 90 to 110
percent

ideal body weight gained an average of 18.5 pormds, and the

subjects that were obese only gained 11.8 pormds. The subject that lost 3
pormds during this time was 195% of her ideal body weight (Hamwi,
1964) at the initial visit. She reported gaining 13 pormds between
conception

and thirteen weeks gestation.

When her weight change is

excluded, the average weight gain was 18 1/2 (± 5) pormds.
Committee

on Maternal Nutrition

(1970) show a desirable

prenatal

of the Food and Nutrition

The
Board

weight gain from 8 to 14 weeks

gestation to thirty-two weeks gestation (Appendix L) of 15 to 17 1/2
pounds.

The subjects

in this study had a slightly higher weight gain

during this period than would be expected.
A correlation

was nm between the maternal

weight change from 8

to 14 weeks gestation to 32 weeks gestation and infant birth weight. No
significant

relationship

was found (p=.274, r=.1102).
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Maternal

Iron Status Results

Eight to 14 Weeks Gestation
The average,

standard

deviation, range and standard

for lab values

related to iron status can be seen in Table 13. The means of all of the
values were within the Logan Regional Hospital range for normal
values.

Sixteen percent (n=5) of the subjects had hematocrits

lower

than the standard.

Ten percent (n=3) had serum iron values lower

than the standard.

Thirteen percent (n=4) of the subjects had ferritin

values below the standard.
Table 13. Iron status of pregnant women, 8 to 14 weeks gestation.
n

Mean&SD

Range

Hematocrit
%

32

38.9 ± 2.07

34.6-45

RDW
xlOOO

31

13.8 ± .85

12.2-15.5

Serum Iron
ugo/o

32

84.09 ± 37.96

90-160

TIBC
ugo/o

32

308.34 ± 61.11 210-475

245-400

Ferri tin
ng/ml

32

39.6 ± 30.0"'"' 5-130"""

10-150

% Saturation

32

27.8 ± 12.6

*Mayo Medical Laboratories standard.
**The outlier of 3 75 ng/ml was not included.

6.4-49.8

LRH Standard
42 ± 5

35-140

20-50*
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Influence of iron and vitamin C intake.
from a correlation

on maternal

iron status (variables=

RDW, ferritin and percent saturation)
dietary iron, supplemental
vitamin

Table 14 shows the results

and maternal

iron, dietary vitamin

C). A significant negative relationship

dietary iron intake and percent saturation,

hematocrit,

diet (variables=

C and supplemental
was found between

a positive relationship

between RDW and dietary vitamin C and a negative relationship
between hematocrit

and supplemental

vitamin C intake.

These results

were not expected and thus cannot be explained.
Table 14.

Correlation matrix between maternal iron status variables
and maternal dietary variables 8 to 14 weeks gestation.
Hematocrit

RDW

Ferri tin

% Saturation

Dietary
Iron

-.1598
p=.191

.0723
p=.349

-.2423
p=.090

-.3436
p=.027"'

Dietary
vit c

-.0839
p=.324

.3668
p=.021*

-.2267
p=.106

-.0768
p=.338

Supp.
Iron

-.433
p=.007"'

-.1440
p=.220

-.0889
p=.314

.0422
p=.409

Supp.
vit c

-.210
p=.455

.0901
p=.315

-.0990
p=.295

.1740
p=.170

-----------------------------------------------------

"'denotes significance

<.05

Thirty-Two Weeks Gestation
The average,

standard

deviation,

range and standard

related to-iron status can be seen in Table 15.
(36.9%) dropped below the standard

for lab values

The mean hematocrit

low of 37%. Thirty-four percent of
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the subjects (n=ll) had values below the standard.
was within the standard

range, however five of the subjects had values

lower than the standard.
standard

high value.

Mean serum iron

The mean TIBC value was greater

than the

The mean ferritin value was slightly higher

than the standard low, however 56% of the subjects had values below 10
ng/ml.

Since many investigators

believe that a low serum ferritin

value is the best laboratory indicator of iron depletion (Dawson and
McGanity, 1987), it is felt that these subjects were depleted of iron by
this stage of their pregnancy.

Table 15.

Iron status of pregnant women, 32 weeks gestation.
n

Mean&SD

Range

Hematocrit
%

32

36.9 ± 2.4

31.1-40.6

RDW
x 1000

32

13.9 ± .63

13-15.6

Serum Iron
ugo/o

31

93.3 ± 55.63

10-219

35-140

TIBC
ugo/o

31

425.26 ± 80.44

199-555

245-400

Ferri tin
ng/ml

32

11.6 ± 8

4-43

10-150

%Saturation

32

22.2 ± 13.1

2.6-59.8

*Mayo Medical Laboratories

LRH Standard
42 ± 5

20-50+

standard.

In comparing these lab values from early pregnancy

(eight to 14

weeks gestation) to late pregnancy (32 weeks gestation), it can be noted
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that hematocrits

dropped 2%; RDW values increased slightly,

iron binding capacity increased
and percent saturation

total

117 ugo/o;ferritin values dropped 28%;

dropped 5.6 percent.

Thus, 56% (n=18) of the

subjects had depleted their iron stores.
Influence of iron and vitamin C intake.
16) was run between maternal

A correlation

iron status (variables=

RDW, ferritin and% saturation)

and maternal

matrix (Table

hematocrit,

diet (variables

iron, including heme and non-heme,

dietary vitamin

iron and supplemental

The only significant

vitamin C).

were found between dietary iron and hematocrit

= dietary

C, supplemental
relationships

(positive) and dietary

iron and RDW (negative).
Table 16.

Correlation matrix between maternal iron status variables
and maternal dietary variables 32 weeks gestation.
Hematocrit

RDW

Ferri tin

% Saturation

Dietary
Iron

.3851
p=.015*

-.3084
p=.043*

.2138
p=.12

.1539
p=.2

Dietary Heme
Iron

.2349
p=.098

-.2517
p=.082

.1798
p=.162

.2391
p=.094

Dietary NonHeme Iron

.151
p=.205

-.2024
p=.133

.0959
p=.301

.1729
p=.172

Dietary
vit c

.1643
p=.184

.1276
p=.243

-.225
p=.108

-.1375
p=.227

Supp.
Iron

-.1342
p=.232

.0613
p=.37

.0923
p=.308

-.0594
p=.373

.0906
p=.311

.0021
p=.495

Supp.
-.1255
.1138
vit c
p=.268
p=.247
-------------------------------------------------*denotes significance <.05
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Birth Data

Out of 32 babies, 16 were girls and 16 were boys. The average birth
weight of the babies was 7 pormds 8. 7 ormces ± 15.4 ormces (3.422 kg),
with a range of 4 pormds 11 ormces to 9 pormds. T1}e average birth
weight of the female babies was 7 pormds 7. 7 ormces ± 11.4 ormces
(3.393 kg) and the male babies was 7 pormds 9. 7 ormces ± 18.9 ormces
(3.450 kg). The average birth length was 20 1/2 ± .95 inches (52 cm),
with a range of 18 to 22 inches.

The average birth length of the female

babies was 20.5 ±. 76 inches (52 cm) and the male babies was 20.5 ± 1.13
inches. According to the National

Center for Health Statistics

and Moore, 1976), the 50th percentile

(Hamill

birth weight is between 3.3 kg for

boys (Appendix M) and 3.2 kg for girls (Appendix N). The babies in
this study weighed slightly more than the national

average birth

weight . This could be due to the fact that we eliminated
mothers from this study. The National

the real young

Center for Health Statistics

had

the 50th percentile birth length of a baby recorded between 50.5 cm for
boys (Appendix M) and 49.9 cm for girls (Appendix N). These research
babies were longer than the national
The average estimated

standards.
age is 39.6 ± 1.6 weeks, with a

gestational

range of 34.5 to 42 weeks (Appendix 0). Thirty of the babies were born
between 38 and 42 weeks gestation.

One baby was born at 37 1/2 weeks

gestation and one born at 34 1/2 weeks.
on their estimated

date of confinement.

Three of the babies were born
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Apgar Scores
The babies were given an Apgar score (Apgar, 1953) at one and five
minutes

following birth (Appendix F). The Apgar score is a

measurement

used to assess how well a newborn baby is performing

on heart rate, respiratory

effort, response to stimulation,

muscle tone

and color. They are given a score between zero and two on each item.
The average one minute score was 7.9 ± 1.2, with a range of 2-9.
one baby had a one minute score of 2. His score had increased
at the five minute evaluation.

Only

to an 8

The average five minute score was 9 ±

.4, with a range of 8-10.
Cord B load Results
The results from cord blood analysis can be seen in Table 17.
Hematocrit,

serum iron, ferritin and percent

higher than the maternal

32 week gestation

Cord serum iron had significant
hematocrit

at 32 weeks gestation

saturation

were all

data, TIBC was lower.

correlations

with maternal

(p=.047, r=.3279) and maternal

ferritin at 32 weeks gestation (p=.003, r=.5119). Cord TIBC correlated
significantly

with maternal

ferritin (p=.010, r=.4431) and serum iron

(p=.032, r=.3555) at 32 weeks gestation.
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Table 17.

Cord blood iron results."'
n

Mean&SD

Range

Hematocrit
%

31

46.17 ± 4.36

34.5-52.1

Serum Iron
ugo/o

29

160.03 ± 57.12

31-319

303.68 ± 91.23

207-594

TIBC
ugo/o
Ferri tin
ng/ml

29

107.38 ± 47.79

27-211

% Saturation

28

52.67 ± 20.06

12-83.5

*N=32.

Infant Dietary Data
Breast-feeding:
Interest

in breast-feeding

has increased

significantly

1970's. Prior to this, formula feeding was considered

since the

the modern

method of infant feeding. With information about the superiority
breast milk came new enthusiasm

for breast-feeding.

of

Currently 62.5

percent of U.S. mothers leave the hospital nursing and plan to
continue the practice well into the first year of their infants' lives
(Martinez and Krieger, 1984). Fifty to 70 percent of them have stopped
breast-feeding

by the time their infant is 16 weeks of age (Saunders

and Carroll, 1988).
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Results from this study show that 72% of the women were breastfeeding their infants at three months of age (n=22).
number breast-feeding
collected.

Data on the

upon discharge from the hospital was not

Twenty-five of the breast-fed infants were supplemented

with formula .
Iron Content of Breast Milk
The concentration

of iron and ferritin in breast milk of 23 lactating

mothers of three month old infants can be seen in Table 18.
Table 18.

Iron and ferritin content of breast milk.
n

Mean&SD

Range

Iron mg/I

23

.733 ± .32

.15-1.13

Ferri tin ng/ml

23

.0208 ± .009

.0043-.0397

The concentration
milk or unfortified
containing

of iron in breast milk is similar to that of cows

cow milk formulas.

They are equally poor in iron,

an average of almost 1 mg/liter (Underwood, 1971). Siimes

and others (1979) have found that the iron content of breast milk
gradually falls from about 0.5 mg/liter
0.3 mg/liter

during the first month to nearly

during 4 and 6 months of age. Franssen

and Lonnerdal

(1980) found the iron content of breast milk to be between 0.26 to 0.73
ug/ml.
Influence of maternal
completed

iron status.

between maternal

A correlation

iron status (variables=

matrix was
hematocrit,
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serum iron, TIBC, ferritin, % satmation,
content of iron and ferritin to determine
significant relationships
Table 19.

and ROW) and breast milk
if a relationship

exists.

No

were formd (Table 19).

Correlation matrix between maternal iron status variables
and breast milk iron and ferritin content (three months
gestational stage)."'

Maternal Iron
Parameters

BM Iron

BM Ferritin

Hematocrit

-.1183
p=.30

-.1890
p=.20

Serum

-.2262
p=.150

.0054
p=.49

TIBC

-.0886
p=.344

.3199
p=.068

Ferri tin

.0761
p=.365

-.0332
p=.440

% Saturation

-.1974
p=.183

-.0639
p=.386

ROW

.1762
p=.216

-.1033
p=.324

Iron

*n=22.

Formula

Feeding:

Twenty-eight percent (n=9) of the infants were strictly formula fed,
while another 25 percent were breast fed with supplemented

formula.

The most commonly used formulas were Similac with iron (n=8),
Enfamil with iron (n=3) and Enfamil without iron (n=3). The
American

Academy of Pediatrics

recommends

that iron
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supplementation
and in preterm

for term infants begin between 4 and 6 months of age
infants no later than 2 months of age (American

Academy of Pediatrics,

1985).

Solid Foods
Recommendations

for the introduction

many times over the years.

of solid foods has changed

Before about 1920, solid or supplemental

foods were rarely recommended

for infants before one year of age.

Human milk or modified cow's milk formulas supplied all of the
nutrients

up until this time.

The first supplements

used were cod liver

oil to prevent rickets and orange juice to prevent scurvy (American
Academy of Pediatrics,

1985).

During the next 50 years, it was often recommended
cereals and strained

fruits and vegetables

to feed some

at about six months of age .

This was often due to the desire of mothers to have their infants gain
weight rapidly, the ready availability
and the mistaken

assumption

of convenient

forms of solid foods,

that added solid foods help the infant

sleep through the night.
A wide variety of infant foods has since become available, and
these have been introduced
Twenty-two percent

into the infant's diet earlier and earlier.

of the infants in this study had been started on

solid food by three months of age (n=7). The most commonly used solid
foods (beikost) were fortified cereals and fruits.

The reasons noted for

this were because they wanted their baby to sleep through the night, or
they felt the baby was ready for it, or they had given their other babies
solid food at this age.

99

The American Academy of Pediatrics
introduction

of solid foods should be based on the infant's

developmental
development

(1985) feels that the

processes.
of the infant.

It should be related

to the neuromuscular

By four to five months of age, the extrusion

reflex of early infancy has disappeared,
nonliquid foods has become established.

and the ability to swallow
At this age, the infant should

be able to express a desire to eat by opening his mouth and leaning
forward.

Until this point has been reached,

of Pediatrics

(1985) recommends

The American

Academy

that the use of solid or supplemental

foods not be used.
Supplementation
Seventy-five percent of the infants were given a supplement
Seventy-eight

percent of the breast-fed

while 67 percent

(n=24).

infants were supplemented

of the formula-fed infants were.

The supplement

used by all subjects was Tri-vi-flor (Table 20). The number of days
supplemented

was not available.

The American Academy of Pediatrics
reason to provide vitamin A supplements
recommend

vitamin

D supplements

human milk is extremely
Vitamin

C supplementation

or breast fed infants.

(1985) feels there is little
to infants.

for breast-fed

low in vitamin

They do

infants

D and thus rickets

is not routinely

recommended

Fluoride is recommended

because
can occur.
for formula

for all infants where

the water content is less than 3 ppm. It should be noted that the water
in this geographical

area is less than the 3 ppm.
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Table 20.

Composition of Tri-vi-flor per 1 ml.

Nutrient

Amormt

%RDA

VitA

1500 JU

100%

Vit C

35mg

100%

VitD

400 JU

100%

Fluoride

.25 mg

100%

Infant Growth Data
The average weight of the three-month

old infants was 12 pounds,

14.8 ounces± 21 ounces (5.86 kg) with a range of 10 pounds, 7 ounces to
15 pounds , 8 ounces.

The female infants had an average three-month

weight of 12 pounds, 14.4 ounces± 25 ounces (5.86 kg). The male
infants weighed an average of 12 pounds, 15.2 ounces ± 1 7 .8 ounces
(5.88 kg). The National Center for Health Statistics
Moore, 1976) 50th percentile
girls is approximately
weight for three-month

(Hamill and

(Appendix N) weight for three-month

11 pounds, 14 1/2 ounces.

The 50th percentile

males (Appendix 0) is approximately

13

pounds, 5 ounces. The average weight gain from birth to three months
was 5 pmmds, 6 ounces, wjth females gaining an average of 5 pounds ,
3 ounces and males gaining an average of 5 pounds, 5 1/2 ounces.

The

NCHS report an average female weight gain between birth and three
months

of approximately

gain of approximately

five pounds, while males have an average

six pounds.

Based on these standards,the

subjects gained less during this time than would be expected.

male
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The average three-month
female infants
inches.

length was 23.9 ± . 73 inches, with the

at 23. 7 ± .6 inches and the male infants at 24.1 ± .81

The NCHS 50th percentile

length for female infants at three

months of age is 23.3 inches, while it is 23.9 inches for male infants.
The infants in this study were longer than 50% of infants their age.
The average head circumference
centimeters,

of the infants was 40.6 ± 1.2

with the female infants at 40.3 ± 1.2 cm and the male

infants at 41.1 ± 1 cm. The NCHS 50th percentile
for females and 40.5 for male infants.
larger head circumferences

standard is 39.5 cm

The infants in this study had

than 50% of the infants nationally.
Infant Iron Status

The average hematocrit

of the infants was 36.13 ± 2.6% ( Table 21).

Fifty-nine percent of the subjects had hematocrits

less than 37%, while

9% had hematocrits

less than The American Academy of Pediatrics

lower limit standard

of 33%.

The average ferritin of the subjects was 141 ± 71.7 ng/ml (Table 21).
The range is high from 10-320 ng/ml. Ninety-two percent of the
subjects had ferritin values greater than 50 ng/ml, which is the lower
limit of normal.
Two infants had ferritin values less than the standard
ng/ml.

low of 50

The subject with a 10 ng/ml ferritin value was born at 40 weeks

gestation.

The mother of the infant was one of the two subjects that did

not supplement

with iron throughout

infant was breast-fed.

Maternal

her whole pregnancy.

ferritin at three

The

months was 14
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ng/ml.

Thus, it appears that this infant had inadequate

that were related to maternal

iron stores.

The infant that had a three-month
born at 34.5 weeks gestation.
ferritin

ferritin value of 37 ng/ml was

He was breast fed. His mother had a

of 68 ng/ml, which is within normal range.

Academy of Pediatrics
supplemented

iron stores

(1985) recommends

The American

that preterm

infants be

with iron no later than two months of age because they

are born with inadequate

neonatal

this infant was born with inadequate

iron stores.

Thus, it appears that

iron stores secondary to his

pre maturity.
Table 21.

infant iron status.

n

Mean & SD

Range

Standard

(%)

32

36.13 ± 2.6

31-46

37"'

(ng/ml)

26

140.96 ± 71. 7

10-320

50-200"'"'

Hematocrit
Ferritin

Three-month

*American Association of Pediatrics. Lower limit
••Mayo Medical Laboratories Standard.

Influence of breast milk and ferritin.
completed

A correlation

matrix was

between breast milk iron and ferritin and infant hematocrit

and ferritin to determine
variables.

= 33%.

if a relationship

existed between the

No significance was found (Table 22).
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Table 22.

Correlation matrix between infant iron status and breast
milk iron and ferritin (three month gestational stage)."'
BM Iron

BM Ferritin

Infant
Hematocrit

.2447
p=.136

.2105
p=.174

Infant
Ferri tin

.1084
p=.339

-.2290
p=.188

"'n=22.

Factors affecting: iron status.
determine

Hierchical

the influence of infant's diet, maternal

iron status on infant's iron status.

Maternal

regression was used to

Diet--------->Maternal

diet and maternal

The proposed model is as follows:

Iron Status----------- >Infant Iron Status
A

Infant Diet

Dependent

Variables

=infant ferritin and hematocrit

Infant Diet Variables

=iron and vitamin

Maternal

=late pregnancy

Iron Variables

% saturation,

C intake
ferritin, hematocrit,

and RDW

= early pregnancy ferritin,
hematocrit
Maternal

Diet Variables

% saturation,

and RDW

= late pregnancy heme iron, non
heme iron, total iron (diet and
supplement),
vitamin C (diet and supplement).
= early pregnancy iron (diet and
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supplement)

and vitamin C (diet and

supplement)

The test for the primary model yielded some significant results in
the early stages of the regression routine (Table 23). Infant vitamin C
intake was found to be a significant predictor
(Beta=.403,

T=2.057, p=.049). Infant non-heme iron intake was found

to meet the criterion of a tentative
(Beta=.310,

predictor of infant ferritin

T=. 721, p=.072). The third constituent

infant iron intake, did not contribute
minimum

criterion for predictive

Table 23.

Predictability

Vitamin

in Equation
C Intake

Non-Heme

Iron Intake.

Total Iron Intake

in the model, total

significantly to meet the

significance.

ability for this submode! was R square=

Variables

of infant ferritin

The overall predictive

.234 (Table 23).

of infant dietary factors on infant ferritin."'
T

SigT

.403

2.057

.049

310

1.87

.072

-.316

-1.62

.117

. Beta

R Square= .234
•n=32.

Maternal
predictability

iron status had no significant

influence in the

of infant ferritin, given infant iron status.

shows that infant non-heme iron increases

in significance

Table 24
( Beta= .416,

T=2.33, p=.0284), while infant vitamin C intake loses significance
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(p=.443). The only variable that even approached tentative
was maternal

significance

ferritin.

Table 24.

Predictability of maternal iron status on infant iron status,
given infant dietary factors.*

Variables

In Equation

Beta

T

SigT

.171

.78

.4432

.416

2.33

.0284

Total Iron Intake

-.169

-.734

.4698

Maternal

RDW

.190

1.12

.2733

Maternal

% Saturation

.148

.801

.4308

Maternal

Hematocrit

-.088

-.458

.6513

Maternal

Ferritin

-.3358

-1.69

.1022

Vitamin

C Intake

Non-Heme

Iron Intake

R Square = .376
•n=32.

Maternal diet had no significant influence in the predictability
infant ferritin, given infant diet and maternal

of

iron status . However,

the overall variance accounted for increased to 50.5% (Table 25).
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Table 25.

Predictability of maternal diet on infant iron status, given
maternal iron status and infant dietary factors.•

Variables

In Equation

Beta

T

SigT

.160

.521

.6102

.210

.823

.4245

Infant Total Iron Intake

-.174

.543

.5957

Maternal RDW

.325

1.30

.2151

.107

.403

.6930

Maternal Hematocrit

-.491

-.180

.8597

Maternal

Ferritin

-.302

-1.13

.2784

Maternal

Supp. Vit C

-.043

-.119

.9066

Maternal Dietary Vit C

.084

.245

.8098

Maternal

Supp. Iron

.261

1.1

.2899

Maternal

Non-Heme

.081

.285

.7799

Maternal

Heme Iron

.154

.55

.591

Maternal Total Dietary Iron

-.003

-.008

.9937

Maternal

Supp. Calcium

-.180

-.452

.6579

Maternal

Dietary Iron (early) -.126

-.503

.6226

Maternal

Calcium (early)

.077

.290

.7758

-.150

-.516

.6138

Vitamin

C Intake

Non-Heme

Maternal

Iron Intake

% Saturation

Iron

Maternal Vit C (early)

-------------------------------------------------R Square = .505
*n=32.

Using the alternative
hematocrit,

dependent

no significant variables

variable measure of infant
were found.
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Pathway analysis was used to determine

the relationship

between

the individual variables in the simplified model in Table 26. Based on
low significance,
Table 26.

no conclusions

can be made from the model.

Results from pathway analysis on maternal dietary
influences on maternal iron status; maternal iron status
effect on infant ferritin; infant dietary factors influence on
infant ferri tin.

B= -.302
Late Pregnancy-------------->
Iron Intake
fi=.149
Supplemental----------------->
Iron
fi=.161
Late Pregnancy-------------->
Vit C Intake
fi=.340
Supplemental----------------->
VitC
B=.026
Early Pregnancy- ------------>
Iron Intake
B= -.052
Early Pregnancy------------->
Vit C Intake

B= -.302
Maternal Late ----------->Infant
Pregnancy
Ferri tin
Ferri tin
"
"
I B= -.174
B= .160
Infant
Infant
Vit C
Iron
Intake
Intake

Infant Development

Data

The test most commonly used in the United States to assess infant
development

is the Bayley Scales of Infant Development

(BSID) (Bayley,

1969). It is designed to study children from birth to 2 1/2 years of age.

It consists of three parts:
the infant behavior record.

1) the mental scale, 2) the motor scale and 3)
The standard score range of 50 through 150
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covers more than three standard

deviations on either side of the

average MDI or PDI for each age.
The infants in this study had a mean MDI score of 91. 7, with a
range of 56-119. Only one infant had an MDI score of 56. This
particular

as crying very hard throughout

child was described

testing session on the infant behavior record.

the

The average PDI score

was 94.6, with a range of 74-108 (Table 27).
Table 27.

Mental and motor scores of three month infants on the
Bayley Scales of Infant Development.
n

Mean&S.D.

Range

3 Month MDI

32

91.7 ± 11.5

56-119

3 Month PDI

32

94.6 ± 9.7

74-108

Factors Affecting: MD I AND PD I Scores.
was used to determine
diet, maternal

Hierchical

regression

the influence of infant's iron status, infant's

diet and maternal

iron status on infant's MDI and PDI

scores:
Maternal------->Maternal
Diet
Status

Iron-------->Infant Iron-----------> MDI and
"
Status
PD I Scores
Infant
Diet

None of the independent
submodels were statistically

variables studied in either MDI or PDI
significant.

and large number of variables,
exhausted.

Due to the small sample size

all the variance in the model was
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CHAPTER V
CONCLUSIONS AND RECOMMENDATIONS
Maternal

Nutrient

Intake

Average energy intakes fell below the RDA for pregnancy (83. 7%).
Six other nutrients
pregnancy

were consmned in amounts less than 90% of

RDA: iron 77.2%, magnesimn

65%, folacin 30% and pantothenic
consistent

58%, zinc 51%, vitamin

86

acid 89%. These results are

with the USDA Nationwide Food Consmnption

Survey (1985)

for pregnant women 19 to 34 years of age.
The NFCS reported a caloric intake of 150 calories more per day.
The gestational

stage of these subjects is not available.

were in their first trimester
difference

Our subjects

of pregnancy, which could account for the

in energy intake.

Average protein,
niacin, vitamin

iron, magnesium,

86, and vitamin

between the two groups.

thiamin,

riboflavin,

C intakes were remarkably

preformed
similar

Intakes of vitamin 812 and vitamin A were

higher in the NFCS. This could be attributed

to differences in data

bases used in the dietary analysis.
Several individual nutrients
nmnber of individuals
half of the subjects

were of concern because of the large

that had intakes below the RDA. Greater than

(56%) were consuming protein in amounts less

than the RDA for pregnancy,

fifty percent

were consuming less than

the RDA for calcimn, eighty-four percent were consmning less than
the RDA for iron and eighty-one percent were consmning less than the
RDA for vitamin 86.

llO

Compliance
subjects

to supplementation

was very good, with 84% of the

taking the prenatal vitamin/mineral

by their physician during the first trimester

supplement

of their pregnancy.

six percent of these subjects took their supplement
week.

The use of supplementation

prescribed

had increased

Fifty-

seven days per
by the last trimester

with 98% of the subjects supplementing.
Supplementation

was very beneficial

intakes of the subjects to meet the RDA.
supplemented
magnesium
nutrients

nutrient

that were not supplemented

that were low in the diet were
acid (89% of the RDA). At the

Supplementation
in meeting the RDA.

of nutritional

Iron and vitamin

that was included in

It has since been added to prenatal

supplements.

supplements.

nutrients

Dietary nutrient intake plus

to 80%, vitamin B6 to 488%, and Folacin to 134%. The two

time of this study, zinc was not a nutrient

population

the nutrient

intake increased iron intake to 354%,

zinc (51 % of the RDA) and pantothenic

prenatal

in increasing

was very necessary

in this pregnant

Zinc and magnesium

remained

concern for the study population.

C intake remained

fairly consistent

throughout

pregnancy based on the data collected during the first trimester

(3 day

dietary record) and the data collected (food frequency) at 32 weeks
gestation.
Maternal

Iron Status

Early Pregnancy
The average lab values for the subjects at eight to 14 weeks gestation
were within the nonnaJ range; however, thirteen

percent

of the
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subjects (n=4) had ferritin levels below 10 ng/ml. This appears to
indicate

that four of the subjects were starting

their pregnancy with

less than optimal iron stores.
Affect of nutrient

intake.

Dietary intake of iron and vitamin C do

not appear to have a relationship

with maternal

iron status at 8 to 14

weeks gestation.
Late Pregnancy
The mean lab values from early pregnancy (eight to 14 weeks
gestation)

to late pregnancy (32 weeks) showed the following changes:

a decrease

in hematocrit

by 2%, a slight increase in RDW, an increase

in total iron binding capacity of 117 ug%, a decrease

in ferritin of 28%

(with 56% less than 10 ng/ml) and a decrease in percent

saturation

of

5.6%. Th-i-s--clataappears to indicate that the subjects had become iron
depleted by 32 weeks gestation.
Affect of nutrient

intake.

between heme iron, non-heme
serum

A significant relationship
iron and vitamin

was found

C intake versus

iron.
Affect of Maternal

Iron Parameters

on Cord Blood Iron Parameters

Significant
maternal

correlations

hematocrit

TIBC correlated

were found between cord serum iron and

and ferritin levels at 32 weeks gestation.

significantly

32 weeks gestation.

with maternal

This indicates

an affect on infant iron status.

ferritin

that maternal

Cord

and serum iron at

iron status can have
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Infant Dietary Results

Seventy-two percent of the infants were breast fed at three months of
age. The iron content of the breast milk appeared to be consistent with
the literatme.

There were no significant

breast-feeding

maternal

iron status and breast milk and ferritin.

There were no significant
status (hematocrit
Twenty-eight

formd between

correlations

formd between infant iron

correlations

and ferritin) and breast milk iron or ferritin.
percent of the infants were strictly formula fed, with

the majority of them consuming iron-fortified

formulas.

Seven of the

infants had been started on solid foods. Seventy-five percent of the
infants were given a vitamin/mineral
A, vitamin

C, vitamin

supplement

(including vitamin

D and fluoride).
Infant Growth Results

The infants growth from birth to three months of age appeared
consistent
Statistics

with standards

from the National

to be

Center for Health

(Hamill and Moore, 1976).
Infant Iron Status

Fifty-nine percent
is the normal standard

Results

of the infants had hematocrits

below 37%, which

set by the American Academy of Pediatrics.

Ninety-two percent of the infants had ferritin values greater than 50
ng/ml (the low limit of normal by Mayo Medical Laboratories).

Two of
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the infants had ferritin values

less than 50 ng/ml, with one being 10

ng/ml.
There were no significant correlations

formd between infant iron

status and dietary iron and vitamin C intake.
The following model was proposed to study the relationship
infants diet, maternal
status:
Maternal

iron status and maternal

Diet------> Maternal

diet

of

on infant's iron

Iron Status-------->lnfant

Iron Status

A

Infant Diet
Hierchical

regression was used for the analysis.

The model yielded

some significance early in the model between infant vitamin C intake
as a predictor

of infant ferritin.

No other relationships

were formd to

be significant.
Infant Development

Results

The mean MDI score (91.7) and PDI score (94.6) were well within
the acceptable
deviations

range of 50 to 150 (this range covers three standard

for each age).

The following model was proposed to study the relationship
infant iron status, infant diet, maternal

iron status and maternal

on infant MDI and PDI scores:
Maternal
Diet

------>Maternal ------->Infant Iron -------Infant MDI &
Iron Status
Status
PDI Scores
A

Infant
Diet

of
diet
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Hierchical

regression

these variables.

was used to determine

the relationship

among

No significance was found.

It is felt that the degree of anemia in the population

was so slight

that it could not be evaluated in terms of its effect on the behavior of the
infants.
Recommendations
Recommendations

for fmther

study include:

1. that a better system of subject selection be developed.

2. that maternal

weight be recorded just prior to delivery.

This

would allow for an analysis of weight gain in pregnancy.
3. that more detail be obtained on infant feeding practices

between

birth and three man ths of age.
4. that more detail be obtained on infant supplementation.

This

study did not include the number of days per week that the
supplement

was given.

5. that larger samples of breast milk be collected.
6. that more detail be given on breast milk collection.
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UNIVERSITY·

LOGAN.

UTAH

84322

COLLEGE OF AGRICULTURE
COLLEGE OF FAMILY LIFE
DEPARTMENT OF
NUTRITION AND
FOOD SCIENCES
UMC87

Dear
This letter
is to request
your participation
in a study being conducted
by Utah State University
Nutrition
and Food Science Department and
Family and Human Development Department
looking at maternal
nutrition
and its relationship
to the growth and development of your infant.
Your participation
1)
2)
3)
4)
5)

in this

study

will

require

the following:

Completing the attached
questionnaire.
Having a blood sample drawn at Logan Regional Hospital
after a dietitian
visits
you in your home.
Recording everything
eaten for 3 consecutive
days including
2
week days and 1 weekend day.
Having a final blood sample drawn at your 32-week check-up.
A
will be completed by the dietitian
at this
verbal diet history
time.
Having your infant
followed for growth and development
for 2
years.

will be very useful
and should help improve the health of
This research
would be greatly
our infants.
Your participation
and cooperation
we would be pleased
to share
appreciated.
If you choose to participate,
with you upon the conclusion
your diet analysis
and blood test results
of the study.
We will also provide you with the set of Tupperware
measuring
cups and a $10 gift certificate
after your 32-week check-up.
Sincerely,

Deloy G. Hendricks,
Professor

Janet Anderson, R.D.
Research Assistant

Ph.D

Noreen Schvaneveldt,
Clinical
Instructor

Anne Austin,
Ph.D.
Assistant
Professor

R.D.
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Informed
Research
Effects

Consent
Project

of iron

to Participate
in a Utah State University
Conducted by Staff From the Department of
Nutrition
and Food Sciences

status
behavior

during pregnancy
and achievement

on long term development,
of children

I
understand
that as a participant
in
this project
I will be required
to (1) have a blood sample drawn at the
Logan Regional Hospital
and be weighed;
(2) weigh and record all food,
drink and supplements
for 3 days; (3) complete a food frequency history
during the 32nd week of my pregnancy and have a second blood sample
drawn at the Logan Regional Hospital
Lab; (4) have a sample of cord
blood analyzed for hematological
parameters
at delivery,
and (5) allow
researchers
to administer
developmental
and behavioral
tests
to my
infant
at 3 mo., 6 mo., 1 year and 2 years of age.
phase

I understand
I am to follow my physicians
instructions
of this research
is experimental
in nature.

and that

no

In return
for my participation
I will receive
a set of Tupperware
measuring
cups to keep and a $10 gift certificate
in remuneration.
In
addition,
I understand
I will have access to all of my individual
data
including
dietary
evaluations
and blood chemistry
data.
I understand
I am free to withdraw my participation
in this
at any time at the loss of my right to the gift certificate.
I understand
there are no expected risks
to myself
involved
due to my participation
in this project.

project

or my infant

Any questions
relating
to the procedures
used in this project
will
be answered by your physician
or Deloy Hendricks,
Ph.D. 750-2124 or
Noreen Schvaneveldt,
R.D. 750-2105.

Participant

Principal

Witness

Signature

Date

Investigator

Date

Date

Appendix C
8-14 Week Questionnaire
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Hct
-----or
Hgb ____

Anemia

of Pregnancy

_

Study

Questionnaire
1) Code Number
2) Age

____

4) Expecting
5) Height

Date~----------------------

6) What is your "normal"
weight?
When did you last
weight
this?
7) Weight

(before

pregnancy)

8) Weight

(present)

___

lbs.

9) How many pregnancies
10) How many months
pregnancy?
11) Have you ever

Was this

during

prior

are

been

lbs.

there

told

another

at ___
to

this

between

you were

pregnancy

weeks

of pregnancy

one have

you had?

your

last

child

and your

current

anemic?

or not?~-------------

12) How would you rank the flow of your menstrual
cycle prior
pregnancy
with l being a light
flow and 5 being a heavy
l
2
3
4
5

to this
flow?

13) How many days

pregnancy?

14) Have you had
pregnancy?

did

your

menstrual

any unusual
If

cycle

last

prior

to

this

cravings
for food or other
items
so, please
explain ___________

15) Are you presently
involved
in a physical
activity
so, please
explain
what it is.
(For example:
nights/wk
or walking
2 miles
daily?)

during

program?
aerobics
class

this
_

If
3
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16) Did you take
Please
17) During this
a typical
24 hours.)

any vitamin/mineral
supplements
indicate
brands and doseages.

prior

to pregnancy?

pregnancy how would you divide up your activity
level on
day? (Your activity
levels
(including
sleep) should total
(including

naps)

hrs/day

a.

sleeping

b.

sitting,
eg., writing,
watching television,

c.

driving,

d.

standing,
etc.,

e.

walking,
etc.,

f.

light physical
labor,
eg.,
laundry,
typing,
etc.,

g.

moderate physical
labor,
eg., using tools such as hammer,
wrench, vacuuming,
gardening,
bowling,
etc.,
hrs/day

h.

~

~~~~~~

sewing,
etc.

talking,
deskwork,
hrs/day

reading,

hrs/day
eg.,
eg.,

operating
hrs/day
walking
hrs/day

physical
labor,
objects,
scrubbing
hrs/day

cash register,
to stores,

waiting

on customers,

to work or at work,

cooking,
ironing,
hrs/day

washing,

shopping,
dusting,

eg., lifting
or carr y ing infants
or heavy
floors,
jogging,
active
sports,
etc.,

- 18) Have you had any food aversions
during this pregnancy?
Please explain~~~~~~~~~~~~~~~~~~~~~~~~~~~~-

- 19) Did you make any special
preparations
for this pregnancy such as
eating a good diet,
getting
yourself
in good physical
shape, or going
off birth
control
pills
for 3 months prior to getting
pregnant?
Please explain~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Diet Record Form
Name _____________

~

Date __________

_

1. List the foods you eat, including the name and amount, for three consecutive days
including 2 week days and 1 weekend day. Please try to eat your typical foods and
amounts.

2. Record EVERYTHING you eat or drink in each 24 hour period. Remember to write
down such items as coffee, tea, cream, sugar, juice, milk, butter, margarine, jelly,
gravy, mayonnaise, ketchup, mustard, pickles, soft drinks, alcohol , etc.
3. Describe how the food was prepared and eaten (e.g., boiled, fried, or baked) and given
a brand name when possible. If a casserole or combination dish is eaten, please
include the recipe and indicate what portion of the dish you consumed . (see
example below.)
4. Record the amount of each food and beverage in terms of units such as: cup(s),
ounce(s), tablespoon(s), teaspoon(s) or slice(s). For items that cannot be measured
in cups, tablespoons, or teaspoons (such as a banana or a steak), please weight
them. (see example below .)

5. Record if and when you took your prenatal vitamin supplement and any other
supplements. Include brand name and amount .
EXAMPLE

TTh1EFOOD
WAS CONSUMED

8:00 a.m.

8:30 a.m.

TYPE FOOD
WI1H DESCRIPTION
-frozen unsweetened
Welch's grape juice
-whole wheat bread
1 1/2 lb. loaf
-margarine (regular
stick)
-cream of wheat cereal
-whole milk
-brown sugar
-Stuart prenatal vitamin

HOW FOOD WAS
PREPARED - FRIED
RAW, ETC.

AMOUNT
CONSUMED

reconstituted

1/2 cup

toasted

1 slice

on toast

2 tsp

boiled
on cereal
on cereal

3/4 cup
1/2 cup
2 tsp
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-whole milk
-graham crackers
-banana - edible
portion only

plain
plain

1 cup
2 squares

plain

170 grams

-Campbell's tomato
rice soup
-sandwich made with:
- white bread 1 lb. loaf
- tuna packed in oil
- lettuce
- mayonnaiseKraft imitation
- Coke - 12 oz can

with 1 can
whole milk

1 cup

in sandwich

2 slices
1/4 cup
1 leaf
2 tsp

plain

12 oz.

2:30 p.m.

-frozen unsweetened
orange juice

reconstituted

1 cup

6:00 p.m.

-spaghetti sauce made
with:
simmered
- 1 lb. lean hamburger
(drained)
-2 6 oz cans tomato paste
-1 8 oz can tomato sauce
-1/2 tsp garlic powder
-1/2 tsp onion powder
boiled
-spaghetti noodles
boiled
-frozen green beans
-regular stick margarine on green beans
plain
-whole milk

10:00 a.m.

12:30 p.m.

8:00 p.m.

II
II
II

-orange - edible portion plain
only
plain
-2% milk

3/4 cup or 1/6
of total recipe

1 cup cooked
1!2 cup
1 tsp
1 cup
180 grams
1(2 cup

133 .

Date _________

_

3 Day Intake Record

TTh1EFOOD
TYPE FOOD
WAS CONSUMED WITII DESCRIPTION

HOW FOOD WAS
PREPARED - FRIED
RAW, ETC.

AMOUNT
CONSUMED
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32nd WeekQuestionnaire

l)
___

Code number

2) Actual weight ___
3)

_

Did you take a vitamin/mineral supplement during this
pregnancy?
If so, what brand did you take?
Howdid you take it? (i.e. with milk, water, coffee,
tea or juice?)
-,--,...,.....,---------------Whendid you take it?--------------Howmany times per week did you take it? ______

4) Were you instructed

_

on how to take your supplements?

5) By whom?
What were-y-ou-r~,-n-sc-t
r_u_c....,.t~i-o-ns_,?.-------6) Did you drink tea or coffee during this pregnancy?
tea/coffee.
If so, when did you typically
~d-r,~.n~k-,~.t~?--------------------~
7) Howmany cups did you typically

__

drink per day?

8)

Have you had any unusual cravings for things other than
food stuff (i.e. dirt, clay, starch, ice) during this
pregnancy?
Please explain--------

9)

Have you had any food aversions during this pregnancy?
Please explain-------------

_10)

Has you activity changed since our first
Pl ease explain ------------------

_ll)

Have you been involved in a physical activity program
during this pregnancy?
If so, what do you do?

12)

visit? ----

If so, how many hours per week do you spend on the
activity? ___
_
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_13)

Have you used an iron skillet to cook with during this
pregnancy? ---~
If so, estimate how many times
per week it was used? -~-,--...,...,...
What do you typically cook in it?

--------~

_14)

Do you eat at regular times each day? ___

_

Howmany days a week do you eat:
_15)

_

_

16) a lunch or mid-day meal? ___

_

17) an evening meal?

_18)
_

a morning meal? ___

_

----

during the evening or night? ___

_

_

19) Howmany times a week do you usually eat away from home?
What places do you eat at? _______
_

-

20) Wouldyou say your appetite
poor?

has been good?

fair?

Howmany times per week do you eat the following foods (at any meal or
between meals)?
_21)
-

22) hot dogs

_23)
-

luncheon meat

liver

24) poultry

0 1 2 3 4 5 6 7 >7
O l 2 3 4 5 6 7 >7
O l 2 3 4 5 6 7 >7
0 1 2 3 4 5 6 7 >7

_25)

pork or ham

0 1 2 3 4 5 6 7 >7

_26)

meat in mixtures (stews,
casseroles, etc.)

0 1 2 3 4 5 6 7 >7

-

27) beef or veal

O l 2 3 4 5 6 7 >7

_28)

fish

O l 2 3 4 5 6 7 >7

_29)

other meat

0 1 2 3 4 5 £i 7 >7

_30)

eggs

O l 2 3 4 5 6 7 >7

_31)

dried beans or peas

O l 2 3 4 5 6 7 >7

_32)

peanut butter or nuts

O l 2 3 4 5 6 7 >7

_33)

milk

O l 2 3 4 5 6 7 >7
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_34)

cheese or cheese dishes

O l 2 3 4 5 6 7 >7 ___

_

_

cottage

O l 2 3 4 5 6 7 > 7 ___

_

ice cream, custard,
pudding, cream soup

O l 2 3 4 5 6 7 >7 ___

_

citrus

O l 2 3 4 5 6 7 >7

35)

_ ' 36)
_

37)

cheese or yogurt

fru it

----

_38)

fruit

juice

O 1 2 3 4 5 6 7 > 7 ___

_

other

fruit

01234567>7

39)

_

----

_40)

dried fruit

O l 2 3 4 5 6 7 >7 ___

_

_

41)

raw vegetables

O l 2 3 4 5 6 7 >7 ___

_

_

42)

cooked vegetables

O l 2 3 4 5 6 7 >7 ___

_

_

43)

green leafy vegetables

O l 2 3 4 5 6 7 >7 ___

_

_

44)

cold cereal

O l 2 3 4 5 6 7 >7 ___

_

_

45)

cooked cerea 1

0

_46)

pancakes or waffles

O l 2 3 4 5 6 7 >7 ----

_47)

bagels,

O l 2 3 4 5 6 7 >7

_48)

crackers

_49)

macaroni, spaghetti,
rice, noodles

What specific

muffins,

bread

----

O l 2 3 4 5 6 7 >7 ----

kinds of the following

O l 2 3 4 5 6 7 >7 ----

foods do you eat most often?

_50)

fruit---------------------

_51)

fruit

_52)

vegetables

_53)
_54)

bread --------------------meat ____________________

_

55)

milk ___________________

_

56)

cold cereal------------------

_57)

2 3 4 5 6 7 >7 ----

juices------------------------------------

cooked cereal

_
_
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_58)

Have you taken any medications or drugs during this
pregnancy?
If so, what did you take?
When?
---------------------Why?---~~~~-------------What length of time? ---------------

_59)

Have you consumed alcohol during this pregnancy?
If so, what did you drink?
-----------Howoften?
Howmuch?

-------------------

_60)

What is the highest degree or level of education you
have completed?

------------------

_61)

What is the highest degree or level of education that
your husband has completed? ------------

_62)

What is your occupation?-------------

_63)

What is your husbands occupation?----------

___

64)

What is your husbands height? -----------

___

65)

What is your husbands weight? -----------

_66)

What is your household income?
$0-5,000
$5,000.:10,000
$10,000-15,000
$15,000-20,000
$20,000-25,000

67) List the birthdates

$25,000-30,000
$30,000-40,000
$40,000-50,000
$50,000 or greater

and sex of all of your children.
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Sheet
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APGAR SCORE
HEART RATE:

O Absent
1 Less than 100
2 Over 100

RESP. EFFORT:

O Apnea
1 Shallow, Irregular
2 Lusty cry

RESPONSE TO
STIMULATION:

O None
1 Grimace
2 Cough, sneeze

MUSCLE TONE:

O Flacid
1 Some flexion
2 Fully flexed

COLOR:

O Blue
1· Body pink, ext. blue
2 Pink all over

TOTAL:

1 MIN.

5 MIN. 10 MIN.
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Three Month Questionnaire

and Data Sheet
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3 Month Follow-Up

#___

_

Date
Weight________

Length ------------

_

Head Circumference
Hct ______

_

Infant Diet Lx
1.

Is your baby breast fed or formula fed?

2.
If formula fed, indicate which formula is used, and the total
amount of milk consumed each day.
Type of Formula_________

_

Total Amount/Day
3.
Is your baby fed any food other than formula (i.e.,
fruits)?
Yes
No ---If yes, indica~e foods, feeding times, and amounts.
Time

4.

cereals or

Type of Food

Is your baby on a vitamin/mineral

Amount

supplement? Yes ___

If yes, indicate brand, dosage, time usually taken, and when
supplementation started.
Brand
Dosage --------------Time Taken

--------------------------

WhenStarted

No.__

_
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Appendix H
Second Consent Form

144
Informed Consent to Participate in a Utah State University
Research Project <:onducted by Staff From the Department of
Nutrition and Food Sciences
Effects of Post Natal Iron Status on Development,
Behavior and Achievement of Children
I
understand that as a participant
this pr-o~j
e_c_t_I_w-....il~l~b-e-re_q_u~i-r-ed_t_o_:_

in

1.

Provide an oral diet history on my child {3, 6, 12 and 24 month post
delivery).

+2.

Provide a 15 ml (1 Tablespoon) sample of mid nursing milk as long
as I am nursing (3 and 6 month).

+3. Allow a 7 ml blood sample to be drawn at the lab of the Logan
Regional Hospital for analysis of iron status (3 and 6 month).

4. Allow a trained person to take a heel prick blood sample at 3 and 6
month and a finger prick blood sample at l and 2 years of age from
my child.
*5. Allow a trained person to administer developmental and temperament
testing instrument to my child at 3, 6, 12 and 24 months of age.
+Nursing mothers only.
*Already approved and consented to.
I understand I am to follow my physicians instructions
phase of this research is experimental in nature.

and that no

In return for my participation
I will receive a $10 gift
~ertificate
in renumeration. In addition, I understand I will have
access to all of my individual data including dietary evaluations and
blood chemistry data.
I understand I am free to withdraw my participation
in this project
at any time at the loss of my right to the gift certifh:ate.

I understand there are no expected risks to myself or my infant
involved due to my participation
in this project.
Any questions relating to the procedures used in this proj~ct will
be answered by your physician or Deloy Hendricks, Ph.D. 750-2124, Noreen
Schvaneveldt, R.D. 750-2105, or Janet Anderson, R.D. 752-7962 after 5
pm.

Participant

Principal

Witness

Signature

Date

Investigator

Date

Date
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Selection Criteria Data of Subjects
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Selection
l.I2Jt
01
02

Criteria Data of Subjects
H!dJQI:Hct
14
37

&!!

Wks, GestatiQD

28

08

34

12

#PreviQ11sEre~.
3
2

03

42

2.5

12

3

05

42

28

08

2

06

45

24

10

2

21

09

1

07

13.3

08

38

27

12

3

09

35

2.5

12

2

11

37

23

13

1

12

42

20

14

2

27

10

3

27

08

2

24

08

1

37

29

14

3

39

27

10

2

2.5

11

4

13

11.8
39

14
15
16

13.3

17

18

12.5

19

38

32

13

4

20

37

32

12

4

21

35

22

14

2

22

39

29

12

1

23

35

24

11

1

24

13.6

32

12

2

2.5

13.7

28

11

3

26

13.0

26

14

1

26

13

2

27

41

28

14.1

30

11

3

29

12.7

20

13

1

30

14.0

26

09

2

31

36

23

13

1

32

40

23

13

2

33

41

35

13

4

34

46

30

14

2
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Appendix J

1980 Recommended

Dietary Allowances

~
.-I

FOOD AND NUTRITION BOARD, NATIONAL ACADEMY OF SCIENCES-NATIONAL
RESEARCH COUNCIL
RECOMMENDED DAILY DIETARY ALLOWANCES,• Revised 1980

DtJiKfUdfM' IM mainlenanu of good nulrition of practicallyall MaW.ypeople in IM U.S.A.

Age
(years)
lnfanLS
Children

o.~.5
0.5-1.0
1-3

4--0
Males

Females

Pregnant
Lactating

7-10
11-14
15-18
19-22
23-50
51+
11-14
15-18
19-22
23-50
51+

Weight
(kg)
6
9
13
20
28
45
66
70
70
' 70
46
55
55
55
55

Height
(lb)
13
20
29
44
62

99
145
154
154
154
IOI
120
120
120
120

(cm)

60
71
00
112
132
157
176

177
178
178
157
163
163
163
163

(in)
24
28
35
44
52
62
69
70
70
70
62
64
64
64
64

Fat-Soluble Vi1amins

Waler-Soluble Vitamins

Vita·
min D
(µg)'

Vitamin E
(mg a-n)'

Vitamine
(mg)

Thia-

Protein
(g)

Vitamin A
(µgut

kg x 2.2
kg X2.0
23
30
34
45
56
56
56
56
46
46
44
44
44
+30
+20

420
400
400
500
700
1000
1000
1000
1000
1000
800
800
800
800
800
+200
+400

10
10
10
10
10
10
10
7.5
5
5
10
10
7.5
5
5
+5
+5

3
4
5
6
7
8
10
10
10
10
8
8
8
8
8
+2
+3

35
35
45
45
45
50
60
60
60
60
50
60
60
60
60
+20
+40

0 .4
0.3
0.5
0.6
0.7
0.8
1.0
0.9
1.2
1.4
1.4
1.6
1.7
1.4
1.5
1.7
1.4
1.6
1.2
1.4
I.I
1.3
I.I
1.3
1.1 1.3
1.0
1.2
1.0
1.2
+0.4 +0.3
+0 .5 +0 .5

• The allowances arc intended to provide for individual varialions among most normal persons
as they live in the United St.ates under usual environmental stresses. DicLSshould be based
on a varic1y of common foods in order to provide olhcr nutricnLS for which human requirements have been less well defined. Sec text for detailed discussion of allowances and of
nutrients not t.abulatcd. Sec Table I (p . 20) for weigh LSand heights by individual year of age.
Sec Table 3 (p. 23) for suggested average energy intakes.
• Retinal equivalents. I retinal equivalent - I µg retinal or 6 µg fJ caro1cne. Sec text for
calcula1ion of vitamin A activity of diets as retinal equivalents.
• As cholecalciferol. 10 µg cholecalciferol - 400 1u of vitamin D.
• a-tocopherol equivalents. I mg rl-a locopherol ~ I a-TE. Sec text for variation in allowances
and calculation of vitamin E activity of the rlict as a-tocophcrol equivalents.
• I Ne (niacin equivalent) is equal to I mg of niacin or 60 mg nf dietary tryptophan.
I The folacin allowances refer to dietary sources as determined by LA,;toba,;i/lw
casti assay after

min

(mg)

Ribonavin
(mg)

Minerals

---

Niacin
(mg Ne)"

VitaFalamin D-0 cin'
(mg)
(µg)

Vitamin
D-12
(µg)

Cal- Phos·
cium phorus
(mg) (mg)

Magncsium
(mg)

6
8
9
II
16
18
18
19
18
16
15
14
. 14
13
13
+2
+5

0.3
0.6
0.9
1.3
1.6
1.8
2.0
2.2
2.2
2.2
1.8
2.0
2.0
2.0
2.0
+0 .6
+0.5

o.5•
1.5
2.0
2.5
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
+1.0
+1.0

360
240
540 '360
800
800
800
800
81)()
800
1200 1200
1200 1200
800
800
800
800
800
1100
1200 1200
1200 1200
800
800
800
800
800
800
+400 +400
HOO HOO

50
70
150
200
250
350
400
350
350
350
300
300
300
300
300
+150
+150

30
45
100
200
300
400
400
400
<400
400
400
400
400
400
400
+400
+100

Iron
(mg)

Zinc
(mg)

10
15
15
10
10
18
18
10
10
1.0
18
18
18
18
10

3
40
50
5
10
70
!)O
10
10 120
15 150
15 150
15 150
15 150
15 150
15 150
15 150
15 150
15 150
15 150
+5 +25
+10 +50

"

h

Iodine
(µg)

treatment with enzymes (conjugases) to make polyglut.ar.iyl forms of the vi1amin available to
the test organism.
'The recommended dietary allowance for vitamin D-12 in infants . is based on average conccntration of the vit.amin in human milk. The allowances after weaning arc based on energy
int.akc (as recommended by the American Academy of Podiatries) and consideration of other
facton, such as intestinal absorption; sec text.
• The increased re<]uiremenl during pregnanC)' cannot be met by the iron con lent of habitual
American diets nor by the exisiing iron store, of many women; therefore the use of 30-60
mg of supplemental iron is recommended. I roff needs during lactatio:, are no! subst.antially different from those of nonpregnant women, but continued supplementation of the
mother for 2-3 months after parturition is advisable in order to replenish stores depicted 1,y ,
pregnancy.
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1980 Estimated

Safe and Adequate

Daily Dietary Intakes
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TABLE l O Estimated Safe and Adequate Daily Dietary Intakes of
Selected Vitamins and Minerals 0
Vitamins ·

Infants
Children
and
Adolescents

Age
(years)

Vitamin K
(µ.g)

Biotin
(µ.g)

0--0.5
0.5-1
1-3
4-6
7-10
11+

12
10-20
15-30
20--4-0
30--60
50-100
70-140

35
50
65
85
120· .
100-200
100-200

Adults

Pantothenic
Acid
(mg)
2
3
3

3-4
4-5
4-7
4-7

Trace Elemen~
Age
Copper
(years) (mg)
Infants
Children
and
Adolescents
Adults

0--0.5
0.5-1
1- 3
4-6
7- 10
I I+

Manganese
(mg)

Fluoride Chromium
(mg)
(mg)

0.5--0.7 0 .5--0. 7 0.1--0.5
0.7-1.0 0.7- 1.0 0.2-1.0
1.0-1.5 1.0-1.5 0.5-1.5
J.5-2.0 J.5-2 .0 l.0-2 .5
2.0-2.5 2.0-3.0
1.5-2.5
2.0-3 .0 2.5-5 .0 1.5- 2.5
2.0-3 .0 2.5-5 .0 1.5-4 .0

0.01--0.04
0.02--0.06
0.02--0.08
0.03--0.12
0.05--0.2
0.05--0.2
0.05-0.2

Molyl>Selenium denum
(mg)
(mg)
0.01--0.04
0.02--0.06
0.02--0.08
0.03---0.12
0.05--0.2
.0.05--0.2
0.05--0.2

0.03--0.06
0.04-0.08
0.05--0.l
O.O&-o.15
0.10-0 .3
0.15-0.5
0. 15-0 .5

Electrol ytes

Infants
Children
and
Adolescents
Adults

Age
(years)

Sod ium
(mg)

Potassium
(mg)

Chloride
(mg)

0--0.5
0.5-1
I-3
4-6
7-10
11 +

l 15-350
250-750
325-975
450-1350
600-1800
900-2700
1100-3300

350-925
425-1275
550-1650
775-2325
1000-3000
1525-4575
1875-5625

275-700
400-1200
500-1500
700-2100
925-2775
1400-4200
1700-5100

• Because there is less information on which to base allowances, these figures are not
given in the main table of JIDA and are pro,;ded here in the form of ranges of
recommended intakes.
• Since the toxic levels for many trace elements may be only several times usual intakes ,
the upper levels for the trace elements given in this table should not be habitually
exceeded .
.

Appendix L
Prenatal Weight Gain Grid
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GAIN
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Fig. 3-3. Pattern of normal prenatal weight gain. (From Committee ·on Matemai Nutrition,
Food and Nutrition Board, National Research Council, Nat ional Academy of Sciences : Maternal nutrition and the course of pregnancy, Washington, D.C., 1970, U.S. Government Printing Office.)
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BOYS: BIRTH TO 36 MONTHS
PHYSICAL GROWTH
NCHS PERCENTILES*
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GIRLS: BIRTH TO 36 MONTHS
PHYSICAL GROWTH
NCHS PERCENTILES*
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GIRLS: BIRTH TO 36 MONTHS
PHYSICAL GROWTH
NCHS PERCENTILES*
I

I

I

~-3- ~-6- --9-

-8-

NAME _________________

I

I

I

- 12-~-1st-

I

RECORD#--------

I

I

I

I

.. ·-

-18- H-21- ~ 24 - 27 - 30

I
~

I

33 -36-

~

'
54 >-54
,_
-21
2153 , ....
53
52
52 A
95
51
oo. 51 -20
20, ~ I II
I
I
50
...- I
-, 50
_.., I
_.- ,
I I
=__,.
49
49
I
I
I
,--,
I
I
I
-19
19- 48 ,
__,.- '
I/
I
I I
I
·- 48
,...
,,
,I
I
I
.,__..,
47 r
47
.,-A
- ,
I
.,. I/
F
_......
'
46
46
I r,
.-'-v i v
I
I
18,,
,_
cm in
, ..:-...... .....45 ,., ./
.,
I
,..,...
,
N
v,,,
1/
./
44 ,.
./ 1
'/
/
/
./.
,,
v.
17- 43 ...
21--46
- / / / / J / I' / I/
42
20 -44
v v
I , / / 1/
19--42
,r
/
I
16- 41
, / I/
1./
40
.,.
18- :40
I/
17- -38
39 I/If ' /
v
15- 38 'I I 'I/ I '/I .
16- -36
"
I
34
/,'//
I
'
37 Ill/ I '/
15->---32
,r
/
50 ,
.,.,
r11 I 'I
./
14->--36 ,,,
,, IY 1
//
I v1
30
14
v
' ,,.' .,., I
35 11111
.,....
,
13->--V,
'Ill
I
>---28
,,.,
y , I A' I "'°'
34
12-:::26
'/
v '
' I.Yl:.,,
_..,
u -- ..,..,.
13- 33 II
11-:24
,,
!..-<
'
.,,,... I I
!./
la
'
32
10--22
./
v ./ 1 --<
yr ,.... YI /
/
I"-.
31
9- >---20
v
,/
V/
, !,.12
\., "' I
-18
"'
8- .....
V I
in cm ~v
,,
I '
-16
7, / .A
•I
, y
14
6--6
y
1,;f
12
12_
I/
~
5-5
,.,, IA'~
10
...,
10_
4- -4
- 8
83- -- 6
5-- -3
2- -- 4
4- -2

-

-

..

~

-

-- -

-

- ,_

~

---

--

-- --

--

-.

-

~

,,
,/

-

t

...,-

I

;/,'

~

--

~

~

-

lb

kg

...,
'50
cm 50,
65
55
70 I :7s BQ 85 ,90 95 100
in 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 '34 35 36 37 38 39 40

lJATE

AGE

LENG'fH

WEIGHT

HEAD C.

DATE

AGE

Li::NGTH

kg

WEIGH"f

lb

HEAD C.

BIRTH
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Appendix O
Estimated

Gestational

Ag:es of Infants

Estimated

Gestational

Subject Number

Ages of Infants

Estimated Gestational Ae:eCweeks)

1

39

2

40

3

40

5

38

6

39

7

38

8

41

9

40

11

40

12

37.5

13

41

14

38

15

40.5

16

41

17

40 .5

18

40

19

40

20

39

21

42

22

40.5

2.3

40

24

38

25

40

26

40

27

38

28

38

29

38

30

41.5

31

40.5

32

41.5

33

42

34

34.5

